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PREFACE | oe 

This book is designed to help men of the Navy and the 
Naval Reserve who are studying for advancement to the 
rates of Molder second or third class. Combined with the 
necessary shop experience, and the information contained in 
Basic Navy Training Courses, the study of this training 
course will prepare the reader for advancement in rating 
examinations. 

Molder 3 and 2 presents fundamental information, both 
practical and theoretical, needed by the beginner to develop 
the skills, knowledges, understandings, and attitudes re- 
quired for success in the foundry. Throughout the course 
references are made to valuable sources of information; cor- 
rect techniques and procedures are illustrated and described ; 
foundry terms are defined; and safety practices are 
emphasized. 

After an introductory chapter, which discusses the quali- 
fications for advancement within the Molder rating and the 
organization in which the Molder works, succeeding chap- 
ters give valuable information on the tools, equipment, ma- 
terials, and techniques. used in the Navy to produce sound, 
serviceable castings. All aspects of a simple but typical 
casting’s production, from blueprint to final product, in- 
cluding making the pattern, preparing the sand, constructing 
the mold, melting and pouring the metal, and cleaning the 
casting, are presented. In addition, the theory of metal 
solidification and heat treating, and the principles of fur- 
nace operation, gating and risering, core making, casting 
design, and safety, are discussed and their relationships to 
successful foundry operations are pointed out. 

As one of the Navy TRAINING courRSsES, this book represents 
the joint endeavor of the U. S. Navy Training Publications 
Center of the Bureau of Naval Personnel and personnel of 
the Naval Establishment specially cognizant of the duties 
of a Molder with technical assistance by the Bureau of Ships 
and personnel of the Naval Gun Factory’s foundry. 
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CHAPTER 1 


YOU AND YOUR JOB 
BACKGROUND 


For more than 30 years Navy Molders have been playing 
an important role in maintaining fighting efficiency of the 
forces afloat. Since 1917, when Molders were initially in- 
corporated into the Navy’s rating structure, foundry per- 
sonnel have performed a multitude of tasks at numerous duty 
stations. During World War I, they made their molds and 
poured their castings aboard battleships, repair ships, and 
at shore stations. Between wars they provided important 
repair services to the fleet and participated in fleet training 
programs. As battleship, repair ship, and shore station 
sailors, Molders manned G. Q. stations when Pearl Harbor 
was attacked in 1941; and some, for instance those aboard 


the Arizona, went down with their ship. At the same time, 
others participated in the rescue and salvage operations that 
began before the last Jap planes disappeared from Hawaii’s 
skies, 

While World War II was in its early stages, our old bat- 
tleships were modernized and provided with better antiair- 
craft batteries. To make way for modernization, foundries 
were removed from combatant ships and foundry personnel 
were transferred to repair units. Since foundry areas are 
not included in the design of the latest dreadnoughts, and 
‘since foundries were removed from the older battleships, the 
modernization program of 1942 marks the passing of Mold- 
ers from the complements of first-line fighting ships. From 
that time on, Molders have been assigned only to repair type 
activities. Although Molders did not sail the seas in first- 
line ships in World War II, they were a vital part of the sup- 
porting force which made possible the continued presence 
of our battle fleets in advanced areas. 


RATES AND QUALIFICATIONS 


The Molder’s rating hasn’t always been divided into the 
four grades it now has. Even though a rate of Molder third 
class was authorized between March 1926 and October 1928, 
it was not until the 1948 rating structure revision that the 
Molder rating was set up in its present form. With the 
exception mentioned, the Molder rating prior to 12 October 
1943 was made up of second and first class petty officers. At 
that time, a Molder striker was either a Seaman or a Fire- 
man, who after 28 months’ naval service was eligible for pro- 
motion provided he could meet the second class qualifications. 
Also, when a Molder advanced to CPO he became a Chief 
Metalsmith. 

Today, Molders make all their advancements within their 
own rating, and all Molder strikers are Firemen who, when 
eligible and qualified, advance to Molder third class. On 
2 April 1948, the current rating structure and qualifications 
for advancement became effective. The qualifications ap- 
plicable to the Molder’s technical duties are contained in this 
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book as Appendix II. Look them over carefully as they pro- 
vide the framework around which you'll build your molding 
knowledge and skill. Although the quals won’t tell you the 
how or the why of molding, they will tell you what you need 
to know about molding and its related subjects. 

As you look over the qualifications listed in Appendix II 
you should notice that: first, the qualifications are divided 
into two major subdivisions (practical factors and examina- 
tion subjects); second, the pertinency of each individual 
qualification to a particular rate is indicated in the column 
headed “applicable rates”; and third, the requirements for 
advancement become broader in scope and require the as- 
sumption of additional responsibility at the upper petty 
officer levels. 

From the practical factors, which are indicated by nu- 
merical decimal designations ranging from .100 to .110, you 
can determine the MANUAL skills required for your rating. 
Similarly, the qualifications from .200 to .221 point out the 
subject matter fields in which you must acquire: specialized 
knowledge. To fulfill the requirements of the .100 quals, 
you'll demonstrate your ability To po. To fulfill the require- 
ments of the .200 quals, you’ll wriTr answers to questions on 
examinations. 

A candidate for third class is not required to possess as 
much skill or knowledge as the man going up to second class. 
Neither is the candidate for second class expected to know 
as much as the first class or chief. To determine the extent 
that a particular qualification applies to the rate with which 
you are concerned, check the symbols on the same line as the 
qualification in the column headed “applicable rates.” If 
the qual applies to all rates, the symbols “3”, “2”, “1”, and 
“C” will appear. If it applies only to the candidate for 
CPO, the symbol “C” alone will appear. 

As a striker preparing for third class, the quals with which 
you will concern yourself are followed by atu the symbols. 
In other words, to qualify for Molder 3, you must read basic 
blueprints, use molding tools and equipment, make simple 
two-part molds, apply adequate gates and risers; recognize 
and identify metals and alloys by their characteristics and 
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standard stock color markings; know how to operate fur- 
naces, cupolas, and hardness testing equipment; be familiar 
with molding terms, sands, sand terminology, and the prin- 
ciples of heat treating; understand the solidification phe- 
nomena of metals; and be aware of all safety precautions 
applicable to the foundry. 

If you are preparing for second class, you will be respon- 
sible for those qualifications followed by all the symbols plus 
those followed by “2, 1, C.” On the one hand, you'll be ex- 
pected to do well and possess a greater knowledge of every- 
thing required of the Molder 3. On the other, you'll have 
to expand your skill to include the reading of more difficult 
blueprints, make cores and operate core ovens, make molds 
involving cores, reline furnaces, and prepare bills of mate- 
rial. You must also acquire a knowledge of sandblasting 
and other methods of cleaning and finishing castings, as well 
as the specific safety precautions to be observed in making 
cored castings. Further, you must demonstrate that you 
can assume greater responsibilities and accomplish more dif- 
ficult tasks. | 

From the standpoint of technical ability, the basic dif- 
ference between lower and upper Molder rates lies in the 
degree of skill required. As an example, qual .105, entitled 
“Moldings,” will illustrate the point. A Molder 3 is re- 
quired only to make simple two-part molds; a Molder 2 is 
required to make molds involving complicated coring; and 
a first class or chief Molder must be able to make all classes 
and types of molds. This does not mean that only second 
class Molders and above are permitted to make molds in- 
volving cores and that the third class is not permitted to 
touch them. Instead, 1t merely means that simple two-part 
molds are the minimum requirement for a third class Molder. 

Specific molding qualifications, however, do not tell the 
whole story about the Molder’s duties. In addition to the 
specialty requirements for your particular rate, you are also 
responsible for a body of knowledge and. skills known as 
“military requirements.” You are undoubtedly familiar 
with much of the information required in this latter cate- 
gory. For example, you know the fundamentals of infantry 
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drill, watch standing, and first aid. You are familiar with 
the use of gas masks, sound-powered telephones, and small 
arms. And you know how, when, and whom to salute. 
You may not give a hoot about Emily Post’s rules for social 
conduct, but you do know when to say “Aye, aye sir,” and 
when to say “Okay Mac.” Your indoctrination at “boot 
camp,” your experiences aboard ship, and your study of 
The Bluejackets’ Manual have provided you with a wealth 
of information of particular value to all persons in the naval 
service. When you “put in your course” for Molder third 
you'll also be required to complete the General Training 
Course for Petty Officers, Part I. This latter book contains_ 
much valuable information on leadership and the respon- 
sibilities of a petty officer. Here again you will have to . 
demonstrate such practical skills as are required by the 
Military Requirements for all enlisted personnel in the 
Navy, and also write answers to questions on examination 
subjects. 


ORGANIZATION FOR NATIONAL SECURITY 


When molding materials are required, you make out a 
chit and draw the items from supply. When you want 
power for your electric furnaces, you notify the “log room,” 
cut in your controller, and you obtain the current necessary 
to melt metals. When you want candy, shoe laces, or soap, 
you go to the ship’s store where you obtain these articles 
by giving the clerk a bit of change. Have you wondered 
how and why these and thousands of other items are avail- 
able when you need them? Or how ships, planes, tanks, 
and men get to the right place at the right time? 

Books have been written on this subject, but to sum it up 
in one word, the answer is LocisTics, and the backbone 
of logistics is ORGANIZATION. Without organization, there 
would be no authority, no responsibility, and no coordinated 
action. Organization provides the structure through 
which plans are formulated, authority and responsibility are 
delegated, quality and quantity of work are directed, ma- 
terials are procured, and objectives are attained. 
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As a nation, our primary objective is to preserve our 
American institutions. Many political, social, economic, 
technologic, scientific, and other factors enter into this pic- 
ture. None is more important to you, however, than the 
organization which provides for our country’s defense. Al- 
though an organization for this purpose has existed since 
revolutionary times, the National Security Act of 1947 mar- 
shaled all the forces for national security into a more com- 
pact structure by bringing the Army, Navy, and Air Force 
under one administrative head (Department of Defense), 
and by creating two high level policy boards: one, the 
= National Security Council; the other, the National Security 
‘Resources Board. The function of this organization is to 
help the President discharge his responsibilities for the 
nation’s security. 

Study the chart in figure 1-1. It will help you under- 
stand the Navy’s place in national security. At the head of 
this organization is the President who, as you know, is also 
the Commander in Chief of all the armed forces. Directly 
under him is the Secretary of Defense and the two groups 
previously mentioned. | 

Although you will seldom hear about the work done by the 
National Security Council and the National Security Re- 
sources Board, the decisions they make will indirectly affect 
your daily life as well as the lives of your countrymen. 

From your point of view, the DEPARTMENT OF DEFENSE, em- 
bracing all of the nation’s military forces, is the most im- 
portant result of the legislation enacted by Congress in 1947, 
This department is administered by the sECRETARY OF DE- 
FENSE who, as a cabinet officer, is appointed from civilian 
life by the President with the advice and consent of the 
Senate. The Secretary of Defense is the President’s main 
adviser in matters concerning the national security and is 
at all times responsible for the adequacy of our nation’s 
protection. In addition to his role of Presidential Adviser 
and his responsibility for our country’s defense, he is the 
top military administrator. As such, it is his responsibility 
to see that the three arms of the military force work to- 
gether smoothly and that duplication in such matters as 
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procurement, supply, transportation, health, and research 
is eliminated. 

To accomplish this enormous task, the Secretary of De- 
fense has many assistants and his staff is subdivided into 
many organizational units, each charged with specific duties. 
His principal advisers, however, are the Secretaries of the 
Army, Navy, and Air Force, and the Joint Chiefs of Staff. 
The secretaries of the three service branches are civilians ap- 
pointed in the same manner as the Secretary of Defense. Al- 
though they are not members of the President’s cabinet, they 
do have access to the President for the purpose of discussing 
matters relating to their respective departments. 

The JOINT CHIEFs or STAFF is the military advisory body 
to the Secretary of Defense. The staff’s membership includes 
the Chief of Staff to the Commander in Chief; Chief of 
Staff, Army; Chief of Naval Operations; and Chief of Staff, 
Air Force. This top-ranking military group is responsible 
for strategic planning, directing the military forces, estab- 
lishing unified commands where necessary, formulating joint 
educational and training policies for the services, and review- 
_ ing major military material and personnel requirements for 
carrying out strategic plans. | 

The organization for national security thus far outlined 
and illustrated traces the chain of authority from the Presi- 
dent down to the secretaries of the three services. Through 
the chart in figure 1-1, you can get an overview of the or- 
ganization for national security and a mental picture of the 
coordinating function of the Department of Defense. 


NAVAL ORGANIZATION 


The DEPARTMENT OF THE NAVY, although subject to the gen- 
eral direction, authority, and control of the Secretary of De- 
fense, is directed and supervised by the SECRETARY OF THE 
navy (SecNav) as an independent executive department of 
the United States Government. The organization through 
which the Secretary works is composed of three principal 
parts. These are: the NAVY DEPARTMENT, the SHORE ESTAB- 
LISHMENT, and the oPERATING Forces. The first is primarily 
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concerned with executive administration; the second, with 
facilities for supply, construction, and repair; and the third, 
with carrying out the Navy’s mission as a military unit. 

The CHIEF OF NAVAL OPERATIONS is the top-ranking officer 
of the Department of the Navy. He is the Navy representa- 
tive in the Joint Chiefs of Staff and the principal adviser to 
Congress and the President on matters pertaining to the size 
of the Operating Forces necessary to fulfill the Navy’s role 
in support of strategic plans. He also determines the dis- 
position of the Operating Forces, and exercises military com- 
. mand over the bureaus and offices of the Navy Department 
and the Shore Establishment as well as the Operating Forces. 

To some extent, each activity within this vast organization 
of the Department of the Navy influences every step of your 
naval career. However, those units outside the sphere of 
the Operating Forces which will have the greatest influence 
on you are the Bureau of Naval Personnel (BuPers) and the 
Bureau of Ships (BuShips). | 

BuPers administers the activity responsible for reeruiting 
you into the Navy and is instrumental in assigning you to 
a duty station. This bureau also provides for and supervises 
your training. And, when the time comes, it will consider 
your request, determine your eligibility, and assign you to 
shore duty. In addition, BuPers is concerned with recrea- 
tion, welfare, and discipline. It is self-evident that each of 
these functions is important to your naval career. 

BuShips designs, constructs, and maintains ships and 
small craft, determines the type of equipment provided in 
engineering and hull repair shops, prepares specifications 
for materials, sets up work standards, provides plans and op- 
erating instructions, and through the Bureau of Ships Man- 
ual and other publications issues instructions which not only 
govern the quality of your work, but in some instances also 
stipulate the manner in which jobs are to be accomplished. 

On the one hand, BuShips determines the materials, tools, 
equipment, and specifications with which you work; on the 
other, BuPers may decide the duty station at which you work 
and also provide the training facilities necessary to enable 
you to perform the duties of your rate and to advance in 


rating. Other bureaus are concerned with your pay (Bu- 
SandA), your health (BuMed), and the guns you man at 
general quarters (BuOrd). Although your associations 
with them are indirect, Navy bureaus and offices have a lot 
to do with what you do, how you do it, and where you do it. 
With few exceptions, however, the organization of your own 
ship or station will more directly affect your day-to-day 
routine. 
The Ship 


Except when you are on a tour of shore duty you will be 
assigned to a ship within the organizational framework of 
the Operating Forces. Your seagoing duties will be per- 
formed aboard a repair ship or a tender attached to one of 
the type commands, but she’ll be just as much a part of 
CNO’s responsibility as the Navy’s newest career. On some 
occasions, your ship may operate independently under the 
direct orders of CNO, but as a general rule her movements 
will be directed by an intermediate command whose author- 
ity stems from CNO. 

Although there are numerous links in the chain of com- 
mand from CNO to your commanding officer—fleet, force, 
type, task, and support commands, to name a few—it is in 
the organization of the ship, department, and division that 
you have the greatest stake. Shipboard organization varies 
somewhat from one ship to another, but in the main their 
organizational structures are similar. A standard organi- 
zation is shown in figure 1-2. Study it carefully as the ship 
to which you are assigned will have a similar break-down. 

Over-all responsibility for the operation and maintenance 
of the ship and the welfare and discipline of personne] is 
vested in the COMMANDING OFFICER. His duties, responsibili- 
ties, prerogatives, and authority are firmly established by 
regulations, orders, and custom. The officer assigned as 
commanding officer of a naval vessel is frequently referred 
to as the “captain.” This title, however, refers to his posi- 
tion in the ship and not necessarily to his actual rank. For 
example, a lieutenant may be the captain of a ship. 
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The EXECUTIVE OFFICER 1s second in command and is the 
commanding officer’s direct representative. His duties are 
parallel to those of the commanding officer and his responsi- 
bility is second only to the CO’s. His job is that of an ad- 
ministrator and coordinator ; that is, he supervises the several 
departments in the ship and sees that they all work together 
to carry out the ship’s assigned task or mission. As indi- 
cated in the chart (figure 1-2), the executive officer may have 
a staff of assistants who are charged with relieving him of 
administrative detalls. 

Under the CO and executive officer the ship is organized 
_ into DEPARTMENTS which in turn are subdivided into divi- 
sions. The size and type of ship determine the number and 
kind of departments a particular naval vessel will have. On 
small ships, some departments are combined, but usually five 
‘major groupings exist. These are: operations, gunnery (or 
deck), engineer, supply, and medical. In addition to these, 
an aircraft carrier has an air department, and a repair ship 
or tender has a repair department. A brief résumé of ship- 
board departmental functions follows: 

The NAVIGATION DEPARTMENT is responsible for navigation, 
combat information, intelligence, operational evaluation and 
operational planning. In other words, this is the unit that 
gets information on the enemy and plans the best method of 
attack. Like the commanding officer and the executive of- 
ficer, the operations officer is an officer of the line. 

The GUNNERY (Or DECK) DEPARTMENT is headed by the gun- 
nery officer on combatant ships, and by the first lieutenant 
on noncombatant ships. This department handles the 
operation, maintenance, and repair of armament, and the 
personnel and equipment connected with deck seamanship. 
The officer in charge of this department is also a line officer. 

The ENGINEERING DEPARTMENT is headed by an officer of the 
line, except that he may be designated for “engineering duty 
only” (EDO). He is responsible to the commanding officer 
for all functions of the department which include the opera- 
tion and maintenance of the ship’s machinery, damage con- 
trol, hull and machinery repairs, electronics repair, power, 
light, and water facilities. 
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The SUPPLY DEPARTMENT procures, issues, and accounts for 
general stores, small stores, ship’s stores, and provisions. In 
addition, the supply department is responsible for preparing 
and serving your chow, operating the ship’s store, and taking 
care of your pay accounts. This department is headed by a 
staff officer of the Supply Corps. 

The MEDICAL DEPARTMENT performs a very necessary part 
of the operation of your ship by treating the sick and 
wounded, and by insuring that sanitary conditions are main- 
tained throughout the ship. Ships aboard which dental 
facilities are available have a DENTAL DEPARTMENT. These 
departments are headed by staff officers of the Medical Corps 
and the Dental Corps. 

Aboard aircraft carriers, seaplane tenders, and other ves- 
sels to which aircraft are attached, there is an AIR DEPART- 
MENT headed by an air officer, who is responsible for launch- 
ing, landing, and handling operations of its own aircraft. 
It also maintains and repairs its own aircraft, handles avia- 
tion fuels, and aviation explosives. This department is 
headed by a line officer who may be designated for “aviation 
engineering duty only” (AEDO). 

In addition to its specific duties, each department is re- 
sponsible for the cleanliness and upkeep of its assigned liv- 
ing quarters and work areas. 


Repair Activities 


Repair ships and tenders are specially designed naval ves- 
sels whose primary mission is to provide repair facilities and 
services to the forces afloat. It can be said that these vessels 
are floating bases, capable of accomplishing a large variety 
of general and specialized work. In theory, and in fact, 
these ships are small scale navy yards. 

Basically, there is little difference between a repair ship 
and a tender. Both are suitable for general work regard- 
less of their designed purpose. The principal difference be- 
tween them is this: repair ships provide general or specific 
repairs to ALL types of vessels, while tenders furnish facilities 
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for a specific class of ship. Destroyer and submarine 
tenders are examples falling in this latter category. 

A number of repair type vessels are operated by the Navy, 
but those to which you may be assigned are destroyer tend- 
ers (AD), repair ships (AR), internal combustion engine re- 
pairs ships (ARG), heavy-hull repair ships (ARH), and 
submarine tenders (AS). 

These, then, are the seagoing ships in which you will serve. 
When your assignment sends you to duty ashore, you'll work 
within the framework of an organization having a similar 
mission. Naturally, there are some exceptions, but generally, 
‘a Molder, whether ashore or afloat, is assigned to a billet in 
the REPAIR DEPARTMENT. This is especially true when the 
Molder is working at his trade. Occasionally, Molders per- 
form duties other than those of their rating—shore patrol, 
master-at-arms, and special details. In these instances, 
Molders, like other military personnel, work in organizations 
having non-repair characteristics. Some variation among 
the various organizations for repair is to be expected, but ` 
the one for an AR, shown in figure 1-3, is typical and suit- 
able for our purpose. 

Whether the activity is a submarine or destroyer tender, 
a repair ship or a ship repair unit, at a continental or ad- 
vanced base, the department concerned with repairs will be 
headed by the REPAIR orFicER. This officer is assigned either 
by the Chief of the Bureau of Personnel or by the command- 
ing officer of the activity of which the repair unit is a part. 
In either case, the repair officer is responsible for the fol- 
lowing functions: 


1. The preparation of repair schedules. 

2. The supervision of repairs and services. 

3. The preparation of reports, forms, and orders in con- 
nection with the performance of his duties. 

4. The training and direction of the personnel assigned to 
the department, and the coordination of the work pro- 
duced by the department. 

5. The cleanliness and upkeep of the equipment and work 
areas assigned to the repair department. 
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Figure 1—3.—Organization for repair. 


The primary function of the unit determines the number 
of assistant repair officers, the number of men, the variety of 
ratings, and the organization of the department into divi- 
sions and shops. Figure 1-3 shows the Molder and Pattern- 
maker in the MACHINERY DIVISION, as they are in the Hec- 
tor’s repair department. However, aboard some tenders, 
the Orion for example, these ratings and their shops are 
assigned to the HULL DIVISION. From the Molder’s stand- 
point, the division to which he is assigned does not materially 
affect his work or his relationship to other ratings in the 
department. Either way, the Molder’s work is always 
closely associated with that of the Patternmaker, the Ma- 
chinery Repairman, and the Metalsmith. But, from the 
standpoint of administration, the relative location of the 
two shops—foundry and pattern shop—in the ship may 
make it more convenient to administer them as part of the 
machinery division on some ships, and as a part of the hull 
division on others. 

Whether you’re in one division or another, the duties of 
your rating, as well as those assigned by your division officer, 
will be much the same. You’ll make cores and molds. 
You’ll melt metals and pour castings. And, you'll stand 
security watches, man emergency stations, go to general 


13 


quarters, and rate liberty. The answers to the questions: 
when; where, and what you do in certain circumstances are 
obtained from the WATCH, QUARTER, AND STATION BILL. 
Therefore, one of the first things you should do after you 
report aboard a ship or station, and have been assigned to a 
particular billet, is to check your division’s watch, quarter, 
and station bill and get the word on the when, the where, and 
the what of your duties. 

Figure 1-4 illustrates a typical repair division’s organiza- 
tion. Your division officer, or one of his assistants, makes 
out the division’s watch, quarter, and station bill and keeps 
it up to date. Because a ship’s complement is always in a 
state of flux—men are reporting aboard and leaving for other 
duty stations—and because new methods of doing things 
are constantly being developed, the watch, quarter, and sta- 
tion bill is constantly being revised to meet current condi- 
tions. For that reason, check the bill frequently so that 
you know what your duties are at all times. 

SHOP ORGANIZATION also varies from one duty station to 
another. A relatively large shop may be organized to per- 
mit a great deal of individual specialization, whereas, a 
small shop having but few men is merely subdivided into 
watches (port and starboard) and sections (1st, 2d, 3d, and 
4th). In large shops, such operations as making cores, ram- 
ming molds, melting metals, pouring castings, cleaning cast- 
ings, and maintaining equipment may be performed by 
individual crews, but in small shops all of these tasks are 
performed by all members of the group in cooperation with 
= each other. 

Some shipboard foundries are laid out and equipped to 
provide all types of foundry services including steel cast- 
ings up to a maximum weight of 800 pounds, while others 
have limited facilities and can produce only castings of brass 
and bronze up to a maximum weight of 300 pounds. No 
matter what you might have heard elsewhere, within the 
capacity of your equipment you can produce castings that 
will compare favorably with any that can be produced any- 
where in the world; that is, if you employ the proper found- 
ing techniques. The materials and equipment furnished by 
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our Navy are the best available. It’s up to you to maintain 
that equipment in first-class condition, to use it for its in- 
tended purpose, and to utilize your materials to best advan- | 
tage. With the modern facilities installed in Navy foundries 
there is no reason for using outmoded, old-fashioned 
methods or obsolete techniques. Neither is there any ex- 
cuse for producing anything other than a sound cast product. 
Always bear in mind that a job worth doing is worth 
doing well. 

It’s quite likely, as you are assigned first to one type of re- 
pair activity and then to another, that not only will you do 
different kinds of work, but also, that you’ll work with differ- 
ent kinds of equipment. The petty officer in charge will brief 
you on shop procedure and the shop duties you'll be expected 
to perform when you report for work. He’ll also show you 
how to operate the shop’s equipment. The aim of this book 
is to help you understand those instructions, and to prepare 
you for your job asa Navy Molder. 


OPPORTUNITIES 


The Navy likes ambitious men and provides many oppor- 
tunities for self-improvement and advancement. How much 
you learn and how far you advance depends pretty much on 
your ability, your willingness to work, and your determina- 
tion to study. Of course, vacancies have to occur before you 
can make those rates, but if you conscientiously apply your- 
self to the task and profitably bide your time, one by one 
you'll make those stripes until finally you become a Chief 
Molder. Then, if you are of officer caliber, you can advance 
to Warrant Carpenter 7742 (Foundryman). To qualify 
for warrant you'll have to expand your knowledge and skill 
from that required for Molders only to include pattern-mak- 
ing practices and techniques. Carpenters 7742 serve as as- 
sistant engineering and repair officers. 

For the man who has a little extra on the ball, there are still 
broader horizons. There have always been opportunities for 
enlisted men to advance to commissioned rank, but never to 
the extent now available in the Navy’s limited duty officer 
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(LDO) program. True, you must have served in the Navy 
a minimum of 10 years and have attained the rate of first class 
petty officer before you'll be eligible to become a candidate 
for ensign. But, now is the time to set your sights on that 
target and to make the necessary preparations. How? The 
answer is through studying Navy Training Courses, Navy 
Correspondence Courses, and United States Armed Forces. 
Institute (USAFI) Correspondence Courses. Your division 
officer or the ship’s information and education officer will 
help you arrange an educational program. 

Before tackling an advanced educational program, how- 
_ ever, you’ll need a solid foundation upon which to build. 
Such Basic Navy Training Courses as Basic Machines, Nav- 
Pers 10624, Use of Tools, NavPers 10623-A, Blueprint Read- 
ing, NavPers 10077, Electricity, NavPers 10622-B, and 
Mathematics, Vol. 1, NavPers 10069-A, contain much useful 
information and will give you the necessary background for 
future study. In fact, this book assumes that you have a 
Basic Navy Training Course background. If you are not 
on familiar terms with them, you had better get acquainted 
at the first opportunity, preferably, before you proceed with 
this training course. 

A successful career in the Navy requires a lot of book work. 
But more than that, it takes practice and hard work to ac- 
quire molding skill. However, by combining these two ele- 
ments—study and work—and by keeping your conduct at a 
4.0 level, your chances for success are excellent. Remember, 
it pays dividends to know a little more than is required; 
whether it’s organization, security regulations, or the proce- 
dure for casting chrome-nickel alloys. 
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QUIZ 


. Where can you obtain reliable information on the technical quali- 


fications for your rate and rating? 


. What are the .100 quals? 
. What level of skills and knowledges do the quals indicate? 
. Where can you find a discussion covering the military require- 


ments of petty officers 3 and 2? 


. What Government agency includes all of our nation’s military 


forces? 


. The Chief of Naval Operations is a member of what high level 


military group? 


. What Navy bureau sets up equipment specifications for shipboard 


foundries? 
To what shipboard department are you most likely to be assigned? 
What is the difference between a repair ship and a tender? 


Where do you find the answers to the “what, where, and when” of 
your shipboard duties? 


To what warrant officer classification can you advance? 
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CHAPTER 2 


A MOLDER'S WORKING TOOLS 


MAN—THE INVENTOR OF TOOLS 


Man is the only creature who has developed tools to pro- — 


duce the things he needs. At first his implements were crude 
devices, but through the ages advanced improvements and 
new inventions followed one another until today he has a 
large variety of hand and machine tools. You must be adept 
with the basic tools in use today, and you must become an ex- 
pert with the special tools of your rating. Further, to enable 
you to use your tools to best advantage, you should be able to 
read and work from blueprints and to understand the funda- 
mentals of pattern terminology. 


MOLDERS AND BLUEPRINTS 


A Molder striker’s first reaction to blueprint reading is: 
“Why do I need to know that?” On the one hand, he easily 
understands that the Patternmaker, Machinery Repairman, 
Metalsmith, and other repair department personnel need the 
ability to read blueprints. On the other hand, he has a hard 
time understanding how his particular rating 1s concerned. 
“After all,” he tells himself, “all I do is ram up what the 
Patternmaker gives me—reading blueprints and making the 
pattern is his headache, not mine.” The truth of the matter 
is that blueprints are among the Molder’s more important 
tools. Therefore, he, as well as the Patternmaker, should 
understand the language in which they are written. 

Occasionally, the Patternmaker designs and constructs a 
pattern without consulting the Molder. More frequently, 
he'll talk it over with the Molder. He’ll be sure to do so if 
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there is any doubt as to the best way to part, or otherwise 
construct, the pattern so that it can be drawn easily from 
the sand. How does that affect the Molder? Unless he is 
able to read the print and to visualize the object represented 
by the various lines, he won’t know what the Patternmaker 
is talking about. The point is that pattern parting line and 
pattern construction decisions often depend on blueprint 
reading. 

There are other reasons why the Molder should be able 
to read blueprints. For example, to understand shop equip- 
ment thoroughly, as well as to make adjustments, replace- 
ments, and repairs to that equipment, the information pre- 
sented on the drawings furnished by the manufacturer must 
be interpreted. Further, at some time or another it may be 
necessary to make a sweep mold. In this kind of molding, 
the entire mold is constructed without the benefit of a pat- 
tern. That means constructing all portions of the mold di- 
rectly from the information given on the blueprint. True, 
the chief in charge of the foundry or the leading shop PO 
is more concerned with blueprints than a striker, or a Molder 
third. Remember, though, the time to learn the tricks of 
the trade is while advancing through the lower grades, not 
after assuming the responsibilities of a leading petty officer. 


Reading the Print 


Basically, blueprints consist of lines and dimensions. The 
lines determine the represented object’s shape, while the di- ` 
mensions determine its size. Other pertinent data, includ- 
ing the scale to which the print was drawn, are obtained from 
the title block, the bill of material, and the various symbols 
used on the print. 

The scale of a drawing is important because it makes all 
parts represented proportionate to each other. However, 
when the actual size of an object is determined, scale should 
be ignored. True, an approximation of an object’s size may 
be established by viewing the lines on the print in the hght 
of the scale to which they were drawn. However, it is well 
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to remember that the measurements necessary to produce 
an object from a blueprint must be determined from the di- 
mensions given on the print and not by scaling. Why? 
Because in the original drawing, the Draftsman may not 
have drawn all portions precisely to scale; or, during the 
process of reproducing the original drawing to make the 
print, the relative size of the drawing may have been altered 
so that the scale is actually different from that indicated 
in the title block. However, while the scale may not have 
been strictly adhered to by the Draftsman, or may have been 
altered during reproduction, the dimensions given on the 
— print (14, 4, or .075) do not change to some other numerical 
value. | 

The secret of blueprint reading lies in an ability to recog- 
nize and understand the different kinds of lines used by the 
Draftsman. If all the lines on a blueprint look the same 
to you, the print, instead of being a clear and detailed repre- 
sentation, will be nothing more than hodge-podge and con- 
fusion. It is imperative that you distinguish an outline 
or object line from a hidden line, an extension line from a 
dimension line, a center line from a broken line, and a cut- 
ting plane line from a section line. Further, you must be 
able to recognize the various views used to present an object 
in all its detail. 

The fundamentals of blueprint reading are presented in 
the Basic Navy Training Course, Blueprint Reading, Nav- 
Pers 10077. If you have studied that course, or one of its 
predecessors, the several views, the various lines, and the 
methods of dimensioning are familiar concepts. If you 
haven’t, check out that course and make its contents a part 
of your store of knowledge. 

To test your blueprint reading ability, carefully study the 
drawing in figure 2-1. It illustrates the manner in which 
these lines previously mentioned are used. If you are able 
to visualize the object represented, and to fully understand 
the meaning of the several lines employed, we may assume 
that you have the necessary, fundamental blueprint reading 
knowledge. On the other hand, if you are a bit confused, a 
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revlew of the training course mentioned is necessary. Give 
yourself a fair test and honestly evaluate your ability. Re- 
member, you only kid yourself when you say you can, when 
you can’t. 
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Figure 2—1.—-Conventional lines used on blueprints. 


When looking over a blueprint for the first time, start with 
the title block and the notes. Here you will find-not only the 
name of the object to be produced and the scale to which it is 
drawn, but also information concerning the kind of material, 
the kind of finish, and the number of pieces required. Fre- 
quently, other information, such as heat-treating data and 
reference to other drawings, is also included. 

After having thoroughly acquainted yourself with the in- 
formation in the title block, the next step is to look at the 
drawing itself. Ignore the dimensions and concentrate on 
the lines so that you can determine the object’s shape. This 
may take a little time, depending upon the complexity of the 
drawing and your own blueprint reading experience. Study 
all the views given on the print—front, side, end and auxil- 
iary—until you have in mind a crystal-clear image of the 
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object represented. You should be able to mentally revolve 
the shape into any position. Then, to your mental image, 
supply the dimensions given on the print so that you will 
visualize an object having an exact size. Before a Molder 
is in a position to converse intelligently with a Patternmaker 
about partings and other details pertaining to the pattern’s 
construction, the precise size and shape of the object must 
be determined. 


FROM BLUEPRINT TO PATTERN 


In a chapter on the subject of “A Molder’s Working 
Tools,” it is appropriate to look at the development of the 
most important thing with which a Molder works—the pat- 
tern. Furthermore, your quals require that you have a 
knowledge of pattern-making terminology. Consequently, 
the next several pages are concerned with the important 
phases of the Patternmaker’s work, pointing out wherein the 
work of the two ratings are interdependent. 

Although the end-product, a casting, is produced in the 
foundry, it may be said that a cast part is conceived on the 
drawing board and is born in the pattern shop. The general 
public overlooks the first two steps in the production of a 
casting—blueprints and patterns. Not so the Molder. He 
realizes the importance of the pattern and understands the 
interdependence of blueprint, pattern, and casting. To the 
Draftsman, the drawing is the product. To the Pattern- 
maker, the pattern is the product. But to the Molder, the 
blueprint and the pattern are just two more things used to 
produce the casting. 

The hinge portion of a blueprint for a range finder cover 
is shown in figure 2-2. This object will be frequently re- 
ferred to in this course. It was selected because it is typical 
of the castings produced in Navy foundries. By applying 
the principles pointed out, you should be able to visualize 
the shape and size of the hinge. Your next step is to give 
some thought to pattern development. To make the prob- 
lem more realistic, imagine that you are going to talk with 
the Patternmaker about the kind of pattern required. To 
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Figure 2—2.—Print of a range finder cover hinge. 


prepare for the discussion, ask yourself such questions as: 
“Is the object solid?” “Does it contain void spaces?” 
“Should the pattern be made in one piece, or should it be 
split?” “Will loose pieces be necessary?” “Is the object’s 
shape such that removing the pattern from the sand is not a 
problem?” and “Where should the pattern be parted if a 
split pattern is decided upon ?” 

The answers to the above questions are important. If 
there are void spaces, such as those found in valves and pipe 
fittings, some method of producing the void will be necessary. 
That, of course, means “cores.” Objects having protrusions 
usually require patterns having loose pieces to facilitate re- 
moving the pattern from the sand. In some cases, loose 
pieces can be avoided by properly parting the pattern; in 
others, constructing a parted pattern with additional loose 
pieces is necessary. 
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Except when constructing a mold for producing cast bil- 
lets or simple objects like pipe flanges, solid one-piece pat- 
terns are seldom used. Most frequently, Molders work with 
split patterns: that is, patterns constructed with two com- 
ponent halves. Each half is fitted with special dowels, serv- 
ing to hold the two halves in accurate alinement while the 
mold is being rammed. | 

The Molder’s primary concern with a pattern is removing 
it from the sand after the mold has been rammed. If this 
step in the molding process cannot be accomplished easily, 
mold damage is likely to occur. This means extra work and 
loss of time, because all mold damage must be repaired by 
hand. Such damage can be avoided by taking two factors 
into consideration when the pattern is being made: draft 
and parting. 

Drart is a taper which is added to the sides of a pattern. 
The amount added varies from shop to shop, but standard 
practice is to provide a taper of 1% inch per foot of pattern 
depth. The Patternmaker will take care of pattern draft. 
However, consistent trouble with pattern removal may be an 
indication of insufficient draft. 

The PARTING LINE of a pattern is the line or plane of separa- 
tion of two or more sections. There are two methods of 
parting a pattern: straight partings and curved partings. 
With straight partings, which are most common, the line of 
pattern separation hes in one plane. With a curved parting 
pattern, the line of pattern separation is not a straight line, 
but cuts through two or more planes. Whenever possible, a 
straight parting should be used as it is simpler to handle in 
the molding process. 

In general, the line or plane selected for the pattern’s part- 
ing will cut the pattern in such a manner that the parts ser ^ 
rated are symmetrical (the parts correspond in size anu 
shape). Pattern symmetry should not be the final consid- 
eration when deciding on the parting line, however. Before 
determining the pattern’s parting, decisions must be made 
on how the whole piece can be molded to produce a sound 
casting. Once this decision is made, you choose the parting 
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line which will give the best. draw, and requires the least 
cores and loose pieces. If these conditions permit pattern 
symmetry, so much the better. 

Now take another look at the print in figure 2-2. Where 
can the hinge’s pattern be parted to provide casting sound- 
ness and a straight line parting? In the lower view of figure 
2-2 a plane cutting through the object along the center line 
is most suitable. This plane is the actual parting line se- 
lected when the Patternmaker made his layout and con- 
structed the pattern. | 


Making Allowances 


After having decided the parting line’s location, the Pat- 
ternmaker is ready to proceed. First, however, he must 
know what metal will be used to produce the casting. This 
factor is of primary importance. All common metals con- 
tract or shrink in volume when they change their state from 
that of a liquid to that of a solid. Unfortunately, the 
amount of shrinkage that occurs for a given volume is not 
the same for each metal. Since the casting produced must 
meet specified dimensions, the pattern which forms the mold 
cavity must be sufficiently oversized to compensate for the 
shrinkage that will occur when the casting is poured and then 
solidifies. 

To provide for shrinkage, or metal contraction, the Pat- 
ternmaker uses a shrink rule to locate points and make all 
measurements during the pattern’s development. At first 
glance, a Patternmaker’s shrink rule looks Hke any other 
24-inch, flat steel scale. But when directly compared with 
a standard ruler, we find that the shrink rule is slightly 
longer. Although you may never have an occasion to use 
« Shrink rule, you should know that such rules exist. 

A shrink rule is not likely to be confused with a standard 
rule. Its face is plainly marked “Shrink,” followed by the 
amount of shrinkage per foot in inches. For example, a 
rule marked “Shrink 34, per ft” was used to develop the pat- 
tern for the hinge because this object is cast from bronze, and 
34 Inch per foot is the standard shrinkage for bronze. Other 
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common shrink rules are Yo, Yo, R, 1⁄4, 1⁄4, and 546. 
You don’t need to know the exact shrink for each metal. 
However, the next time you’re in the pattern shop, take a 
look at some shrink rules and have the Patternmaker tell 
you about them. 

Having selected the proper rule on the basis of the metal 
to be cast, the Patternmaker prepares a wooden layout board 
and proceeds to make a full-size layout. A typical layout 
is shown in figure 2-8. All allowances for shrinkage, draft, 
and machined finishes have been added. The Patternmaker 
uses this layout as his guide for making the pattern. As he 
develops his layout from the blueprint, he carefully double- 
checks each measurement to insure accuracy. But once his 
layout is satisfactorily completed, all measurements used to 
construct the pattern are taken from the layout because it, 
and not the blueprint, shows all the lines necessary for the 
pattern’s development in their true lengths with all allow- 
ances added. 





Figure 2—3.—A layout for a hinge. 
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© Making allowances for machining is another important 
pattern-making consideration. A pattern’s design should be 
such that surfaces to be machined will be cast in the drag 
or bottom part of a two-part mold. Because of their loca- 
tion, some machine surfaces must be cast in the cope or upper 
portion of atwo-part mold. When this situation is unavoid- 
able, an extra allowance is added. The hinge laid out in 
figure 2-3 is a typical example of a part having machined 
surfaces that must be cast in both the cope and the drag. 
The heavily shaded areas in the layout indicate the allow- 
ances that have been added for machine finishing. On the 
two lower surfaces in the front view, and on the one surface 
in the side view, 1% inch is allowed for machining. On the 
two upper surfaces in the front view, the allowance is %o 
inch. This extra allowance is added to assure sound metal 
free of blemishes after machining. The metallurgical rea- 
son for the extra allowance will be discussed in Chapter 9, 
“How Metals Solidify.” 


Shaping and Finishing 


The Patternmaker performs numerous steps between a 
completed layout and the completed pattern. In brief, the 
steps involved are these: selecting the stock from which the 
pattern is to be produced; sizing the stock and inserting 
dowels to hold the two parts of the pattern together along 
the parting line; transferring lines from the layout to the 
stock; and cutting, shaping, sanding, shellacking, number- 
ing, and otherwise finishing the pattern. 

_A precise step-by-step procedure can be set up for a par- 
ticular job. However, such a procedure suitable for all 
patterns cannot be established because transferring measure- 
ments from the layout to the stock, and shaping the pattern, 
are not separate steps. Toa large extent, each depends upon 
the other. Usually, a certain amount of shaping must be 
completed before additional measurements can be trans- 
ferred from the layout to the stock from which the pattern 
will finally emerge. 
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Figure 2—4.—Pattern ready for sanding and shellacking. 


After all carving and shaping have been completed, the 
pattern is ready for sanding and shellacking (figure 2—4). 
At this point, if our hinge pattern had been constructed 
from built-up stock—several pieces of pattern pine secured 
together—instead of from solid stock, leather fillets would 
be glued in all corners where pattern surfaces intersect. In 
the hinge pattern, however, the entire pattern, including 
the fillets, was carved from solid stock by hand. 

No matter what pattern construction is used, all sharp 
edges except those on the parting line are rounded—cham- 
fered—before the pattern is sanded. Chamfering aids in 
pattern withdrawal and helps to keep the pattern’s edge 
from splitting. Sanding eliminates all carving tool marks 
and smooths the pattern’s surface. Any marks that remain 
on the pattern are.transferred to the mold cavity and thus 
to the surface of the casting. Sanding is an important pro- 
cedure because the casting’s surface will be no smoother 
than the pattern from which the casting is made. 

The final step in the pattern’s production is shellacking 
and marking. The purpose of shellac is to prevent the pat- 
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tern from absorbing moisture from the damp molding sand 
during the molding process; not to improve the pattern’s 
appearance. Also, an artistic touch is not the function of 


TYPE SURFACE COLOR, 


1. UNFINISHED SURFACES BLACK 
2.MACHINED SURFACES RED 
3.SEATS OF AND FOR LOOSE RED STRIPES ON A 
PIECES YELLOW BACKGROUND 
4. CORE PRINTS AND SEATS 
FOR LOOSE GORE PRINTS YELLOW 
5. STOP-OFFS DIAGONAL BLACK STRIPES 
ON A YELLOW BASE. 





Courtesy of Mechanite Metal Corporation 


Figure 2—5.—Patternmaker’s color code. 


the pattern marking color code shown in figure 2-5. The 
code is used to convey molding information to anyone who 
may use the pattern. 

Through the code, the Molder can easily: (1) locate sur- 
faces that will be in an “as cast” condition; (2) locate sur- 
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faces that will be machined; (3) determine loose pieces and 
their seats; (4) locate core prints; and (5) differentiate 
between a stop-off piece and a pattern part. The practice 
aboard your ship or station may vary from the method 
shown. Nevertheless, whatever system is used, the purpose 
is the same; to convey molding information. For a more 
detailed discussion on pattern-making techniques and mark- 
ing methods, see Patternmaker 3 & 2, NavPers 10578; or 
pay a visit to the pattern shop and watch the Patternmaker 
at work. 


BASIC TOOLS 


Just as a Patternmaker needs more than a blueprint to 
construct a pattern, so does the Molder require more than a 
pattern to construct a mold and pour a casting. He needs 
molding materials, melting equipment, and know-how, in 
addition to molding hand tools. Foundry equipment, such 
as furnaces, ovens and flasks, are discussed in Chapters 3 and 
4. Molding materials are presented in Chapter 6. And 
know-how is the meat of the other chapters. But first, let’s 
take a look at the hand tools used by the Molder. 

Basic tools are important in any shop. Foundries are not 
excepted. Hammers, wrenches, punches, chisels, files, drills, 
hacksaws, and measuring devices are indispensable to per- 
sonnel engaged in repair work or shop upkeep. True, 
Molders have fewer occasions to employ these general tools 
than do those with other ratings in the repair department. 
Nevertheless, maintenance work in the foundry requires de- 
vices other than those designed specifically for constructing 
molds and cores, or for pouring and cleaning castings. 

To meet the requirements for Fireman, you had to know 
basic tools. For that reason, this training course does not 
discuss general hand tools. It assumes that you are already 
familiar with them. However, if tools mean nothing more 
to you than a series of items in the Catalog of Navy Material, 
by all means devote some time to the study of Basic Navy 
Training Courses; especially, Use of Tools, NavPers 
10623-A, and Zand Tools, Nav Pers 10305-A. 

Study alone is not enough. Just as a book on the Garand 
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rifle won’t make you a sharpshooter, neither will a book on 
tools make you a skilled craftsman. In both instances, per- 
fection is gained only through long hours of practice. 
Nevertheless, books will teach you nomenclature, will point 
the way to proper usage, and will help to eliminate errors. 


SPECIAL MOLDING TOOLS 


In addition to an adeptness with basic tools, a Molder 
needs an expert’s ability with those tools peculiar to his 
craft. Usually, the tools used by one craftsman in the metal- 
working trades are similar to those used by another. But 
Molders’ tools are different. They are designed to facilitate 
the construction of sand forms into which hot liquid metal 
is subsequently poured to produce castings. Work of this 
kind makes necessary the use of special implements. 

At this point we are concerned with molding hand tools, 
not with molding processes. However, in connection with 
tools, it’s a good idea to bear these three molding require- 
ments in mind: (1) providing for the free entrance of 
molten metal to the mold cavity—gates; (2) providing ade- 
quate metal to compensate for casting shrinkage upon solidi- 
fication—risers; and (3) providing for the escape of mold 
gases—vents. The techniques and procedures through 
which these requirements are met and the theory underlying 
their need will be discussed in following chapters. 

Two of the most frequently used tools in the foundry, the 
shovel and the sieve, are shown in figure 2-6. These tools 
are generally used in conjunction with each other; the one 
to move and mix sand, the other to sift or separate the larger 
sand particles from fhe smaller, c or to remove foreign matter 
from the sand itself. 

At first glance a Molder’s sHovEL appears to be only a 
little different from others you may have used. On close 
examination, however, you'll notice that the blade is rela- 
tively flat and is square-pointed. ‘The shovel is useful when 
mixing sand, because its flat blade permits material to slide 
off easily. This feature facilitates the sand-mixing 
operation. 


31 





Figure 2—6.—The shovel and sieve. 


A FOUNDRY SIEVE—commonly called a rIDDLE—is 18 to 24 
inches in diameter and about 5 inches deep. It consists of 
a wooden rim with a brass or steel wire-mesh bottom. A 
sleve’s size is given by the number of meshes—square-shaped 
openings—to the running inch. For example, a number 
four sieve has four meshes per inch, a number six has six, 
a number eight has eight, and so on. The various sieve sizes 
available in the Navy are: two, three, four, six, eight, and 
twelve. The one that is used for a given job depends upon 
the sand fineness required. When selecting a sieve, remem- 
ber that the higher the mesh number, the smaller the open- 
ings in the sieve bottom will be. Although a number six 
or a number eight sieve is most commonly used, sieves with 
larger meshes are useful when sifting coarse materials or 
when removing nails and similar particles from previously 
used sand. 

Satisfactory molds cannot be produced unless the sand 
in which the mold cavity is formed is tightly packed. Hand 
tools for packing sand vary from shop to shop, but those 
shown in figure 2-7 are typical of those used in Navy 
foundries. Basically there are two types: bench rammers 
and floor rammers. 

For small molding jobs the hand BENCH RAMMER is most 
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Figure 2—7.—Hand rammers. 


convenient. Some Molders prefer metal bench rammers, 
but the standard tool is made entirely from oil-finished hard- 
wood. Its over-all length is 14 inches, and the diameter of 

the butt is 314 inches. | 

À FLOOR RAMMER, as its name implies, is used to ram large 
molds on the foundry floor. Like its smaller running mate, 
the floor rammer has a wedge-shaped peen and a cylindrical 
butt. And, like the bench rammer, the floor rammer varies 
from shop to shop. Why? Because many Molders prefer 
to make and use tools of their own design. For that reason, 
some floor rammers are made entirely from metal, having 
for a handle a length of bar stock or pipe permanently 
welded to the peen and butt. Others, like the standard item 
illustrated, have a 42-inch hickory handle with a cast-iron 
peen secured to one end and a cast-iron butt secured to the 
other. The standard floor rammer’s peen is 714 inches 
long and 314 inches wide. The butt end is 6 inches long 
and 414 inches in diameter. 

If the hand rammer’s butt were used to ram the entire 
mold, the sand at the bottom would be loose, while that at 
the top would be tight. This unsatisfactory condition 
would not permit the production of a sound casting. To 
avoid uneven sand packing with both the floor and the bench 
hand rammers, initial ramming is done with the peen, as its 
smaller end surface area permits deep packing penetration. 
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This packs the sand from the bottom up in much the same 
fashion as does the sheep’s-foot roller used in aircraft land- 
ing strip and highway roadbed construction. 

The top portion of a sand mold is tamped with the rammer 
butt. Because of the butt’s larger end surface area, the 
force of ramming is distributed over a larger area. This 
greater force distribution causes shallow penetration which 
results in a packing action near the mold’s upper surface. 
While packing the sand at the surface, the butt also smooths 
off the top of the mold. Ramming with the butt is fre- 
' quently known as “topping off.” 

Pneumatic tamping tools are also available. The model 
shown in figure 2-8 is a size 232, Ingersoll-Rand, pneumatic 
bench rammer. This tool has a 214-inch diameter steel 
butt, a 1-inch bore, and a 214-inch stroke. A peen is not 
supplied with the tool, but if desired it can be fabricated 
and used as an interchangeable part. A peen, however, is 
not considered necessary. The pneumatic rammer’s rapid 
and powerful action, plus the fact that the steel butt is 
relatively small, make it possible to pack sand more tightly 
than with the hand rammer. 

PNEUMATIC RAMMERS are particularly useful when work- 
ing Navy all-purpose sand. Since this type of molding ma- 
terial must be packed as tightly as possible, the power tool, 
with its rapid action and powerful impact, is a valuable 
sand-ramming asset. 

Placing a pneumatic rammer in service is a simple matter. 
An air-line hose connected to a source of compressed air and 
the tool’s air inlet fitting is all that is necessary. When the 
compressed air service valve is open, all you need to do to 
operate the tool is to squeeze the rammer’s throttle lever and 
direct the tamping action where you want it. After each 
3-hour period of operation, secure the air pressure, discon- 
nect the air hose and squirt a teaspoonful of light oil (Navy 
symbol 9110) into the rammer’s air inlet. Then reconnect 
the air hose and you can go back to ramming molds. 

Although your pneumatic rammer may not be so equipped, 
some have a built-in lubricating unit. With this unit it is 
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Figure 2-8.—A pneumatic rammer. 





not necessary to remove the air hose from the rammer. Just 
release the throttle valve to stop the rammer from operating 
and then hold down the lubricator button for about 10 sec- 
gnds. This procedure lubricates the tool. At least once each 
week, the lubricating unit chamber should be filled with 9110 
oil. 

Asa general rule, failure of a pneumatic rammer to operate 
properly is due to one of two causes: Either the piston lubri- 
cant has become gummy, which results in sluggishness; or, 
the packing has become loose or worn. To overcome the first 
difficulty, squirt a small amount of kerosene into the air inlet 
and run the tool for about 30 seconds. Then relubricate with 
9110 oil as previously described. If the tool is still sluggish, 
it will be necessary to disassemble the entire unit and care- 
fully wash each part with kerosene. Be sure to remove any 
grit that may be present. 

A noticeable air leak around the rod at the front end of 
the barrel also affects operation. A leak reduces the tool’s 
striking power and indicates loose or worn packing. The 
first step, of course, is to tighten the packing nut. If the 
leak still persists, it will be necessary to replace the old pack- 
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ing. This is accomplished by slacking off the lock nut, re- 
moving the packing nut, digging out the old packing, and 
inserting new packing rings. 

Insert the new rings carefully. Be sure that each ring is 
so installed that the joint of each ring is located in a position 
different from that of its neighbor. This procedure will 
eliminate the possibility of air leakage through the ring joint. 
While tightening the packing nut, slide the piston back and 
forth. Continue tightening until a shght drag or resistance 
to sliding is noticed. When this occurs, tighten the lock nut 
to hold the packing nut in place. Too much drag must be 
avoided. If the packing nut is set up too tightly, the effec- 
tiveness of the rammer will be lessened and rapid packing 
wear will result. 

Another common difficulty with pneumatic tools is a leaky 
throttle, which is usually due to particles of grit becoming 
lodged between the throttle valves and its seat. Cleaning 
will generally solve the difficulty, but if it doesn’t it will be 
necessary to grind or lap-in the valve with a fine-grained 
grinding compound to obtain a good, airtight fit. Complete 
instructions for throttle maintenance are set forth in the in- 
struction booklet furnished with the rammer. Use that 
booklet as your guide if the need arises for a complete tool 
disassembly. 

Like any other pneumatic tool, the life and usefulness of a 
power rammer is preserved through proper maintenance and 
care. A shot of oil and a periodic cleaning will do wonders 
for your power rammer. oe 

Metalworkers other than the Molders have little use for 
the metal shapes shown in figure 2-9. But to the Molder, 
they are important aids in the construction of molds and 
cores. Without them, the job would be almost impossible. 
With them, the Molder can cut and form passages, smooth 
surfaces, work in deep recesses, lift out loose sand particles, 
and generally repair molds. Not every tool shown is used 
on each molding job, but at one time or another you'll need 
tools similar to those illustrated. 

After each part of a mold has been rammed, a STRIKE is 
used to scrape otf excess sand and thus level the mold’s sur- 
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face. The strike is probably the simplest of any tool used by 
the Molder. Although some wooden strikes are in use, meta] 
strikes are more common because constant usage soon wears 
away a wooden strike’s straight edge. Any suitable length 
of straight-edged metal can be used as a strike. However, a 
36-inch length of 144 x % inch steel bar stock or a light- 
weight angle bar is generally preferred. The strike should 
be light so that it is easy to handle. In addition, it should 
be rigid enough to resist excessive bending while in normal 
use. The best way to use the strike is to move it, narrow 
edge down, the length of the flask with a zigzag or sawing 
motion. Be sure to keep each end of the strike bearing on 
the flask’s upper edges at all times. ” | 

Another common molding tool is the TrRowEL. Several 
types are shown in figure 2-9. As with many of the other 
molding tools illustrated, the Molder’s personal preference 
is the deciding factor in selecting the trowel. These tools 
vary in blade shape, blade width, and over-all length. The 
standard trowel is 6 inches long, and the blade width varies 
from 11/4 to 134 inches. These tools are used to smooth and 
slick relatively large flat surfaces. 

Don’t be surprised when you see molding tools that differ 
from those illustrated. The job at hand may require a spoon, 
but that doesn’t mean that the one you select will be exactly 
like the one shown in the illustration, or that it will duplicate 
the one selected by another Molder. Choose the tool that 
suits your purpose and feels best in your hand. 

With the exception of the strike, the purpose of the tools 
shown in figure 2-9 is to lift loose sand particles from mold 
depressions, and to smooth the surfaces of those areas. The 
shape of the area will determine whether a trowel, lifter, 
slick, spoon, bead, or other special tool is chosen. In.general, 
a lifter is used in narrow or deep depressions, a trowel on 
large flat surfaces, a slick on small flat surfaces, a spoon on 
large-radius concaved surfaces, and a bead on special hol- 
lowed mold surfaces. 

Primarily, LIFTERS are used to remove loose sand from the 
bottom of deep mold cavities. In addition, they double as 
smoothing tools in tight places where a trowel or regular 
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slick cannot be used. Further, the lifter’s long stem permits 
its use on the sides of smal] diameter holes, and its 90-degree 
toe makes it useful for slicking the bottom of a hole after 
loose sand particles have been removed. 

Although one lifter is much like another, they do vary. 
Some have straight stems, some have offset stems, and others 
like the one illustrated have twisted stems. In over-all 
length they average between 14 and 18 inches; in width, 
they are either 14 inch or 1% inch. Another variation is the 
8-inch T-head, bent lifter. This tool has the same general 
use as other lifters except that its working depth is not as 
great. 

The blades of FLAT SLICKS, BEADS, and OVAL-SHAPED SPOONS 
range in width from 3⁄4 to 114 inches and are shaped in 
numerous ways to suit a variety of needs. These tools, with 
few exceptions, are double-ended; that is, a blade is formed 
on each end of the stem. In some cases the blades are simi- 
larly shaped and differ only in size. In others, the blade 
on one end is different from that on the other. The slick 
and bead, stove tool, taper and oval spoon, and the taper 
and square are typical examples of double-ended tools hav- 
ing a different shape on each end. These tools vary in blade 
width, blade shape, and over-all length. The shortest of the 
standard stock items illustrated is 614 me) while the 
longest is 814 inches. 

For special smoothing applications cigs are still other 
forming tools. Corner tools, pipe slicks, and flange tools 
fallin this category. Those shown in figure 2-9 are typical. 
CORNER TOOLS are used to slick the corners of molds where a 
regular slick or the heel of a lifter is not satisfactory. 

Some corner tools have an angle other than 90 degrees; 
however, the 90-degree tool is most common. Although 
corner tools are usually made from cast iron, . can easily 
be fabricated from sheet metal. 

PIPE sLICKS may also be made from cast iron or sheet 
metal. They are useful for slicking cavities in molds con- 
structed to produce cast valves and pipe fittings or other 
cylindrically shaped surfaces. Various sizes are manu- 
factured, but the one supplied by the Navy is 3 inches long 
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and its curved surface is 114 inches wide. Your work is 
not likely to require the use of any pipe slick other than 
the one illustrated. 

‘For slicking around the mold surfaces of pipe flanges, 
valves, and similar areas, FLANGE TOOLS are most useful. 
Their rounded, crescent-shaped blades are formed to differ- 
ent radii so that they can be used on flanges of different 
sizes. This tool is not available in GSK; but if needed, it 
can be forged from steel bar stock by the ship’s blacksmith. 

Another special slick is the Hus Toon. It is designed to 
work in small cylindrical depressions such as that formed 
by the hub or boss of a wheel. Like the flange tool, the 
hub tool is not a standard stock item and, if needed, will 
have to be manufactured. Usually a slick or a lifter will 
serve the purpose. In fact, the hub tool looks a great deal 
like a lifter except that the stem is offset differently and its 
blade is thicker and has a slightly rounded edge. 

Every mold, in addition to having a cavity which con- 
forms to the shape of the desired casting, must have some 
provision for the free entrance of molten metal into the 
mold cavity. And, the mold must be vented to permit the 
escape of mold gases. The tools illustrated in figure 2-10 are 
used in molding to cut channels for the flow of molten 
metal between the pouring basin and the mold cavity and 
to form passages for the escape of mold gases. Along with 
the shovel, riddle, rammer, and strike, the gate cutter, sprue 
former, and the vent rod are the most frequently used 
molding tools. 

A GATE CUTTER is a thin piece of sheet metal (usually 
brass). which has been bent to form a 90-degree angle. The 
toe of the angle is not square; it is rounded, usually, to a 
3£-inch or a 34-inch radius. The tool is used to cut or gouge 
a groove (gate) in the surface of the sand. The Molder ` 
grasps one flange of the tool in such a manner that the cut- 
ter’s rounded edge bites into the sand at the desired depth. 
The Molder then draws the tool through the mold’s surface 
to produce the gate. The technique requires a steady hand, 
which is developed only by practice. 
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To form the passage for molten metal through the corr 
(upper part of a two-part mold) to the prac (bottom part 
of a two-part mold), either a wooden sprue stick or a tubu- 
lar sprue former may be used. A SPRUE STICK is a round 





Figure 2—10.—Sprue former, gate cutter, and vent rod. 


solid piece of wood having a 1-inch or a 114-inch diameter, 
and a length of 9 inches. The TUBULAR SPRUE FORMER iS a 
20-gage, seamless steel, tapered tool. Its length is also 9 
inches. Tubular sprue formers are available in three sizes, 
each of which has a smooth, beaded edge on its larger end. 
The smallest size has a 114-inch top diameter and a 34-inch 
cutting-edge diameter; the next larger size has a 114-inch 
top and a %-inch bottom; and the largest size has a 114-inch 
top and a 1-inch bottom. 

When a sprue stick is used to form the sprue, the sand 
in the cope is rammed around the sprue stick, which is with- 
drawn from the mold when the cope is rammed and struck- 
off. When a tubular sprue former is to be used, the cope 
is rammed-up without the insertion of a sprue stick. After 
ramming the cope, a tubular sprue former is forced through 
the cope at the required location. With a tubular sprue 
former, a vertical channel is cut in the cope portion of a 
mold in much the same manner as a doughnut’s hole is 
formed. 
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The use of a sprue stick is best when the mold is rammed 
from the all-purpose sand discussed in Chapter 6. All- 
purpose sand is rammed so hard it is difficult to force the 
tubular sprue former through the mold. 

Whenever you cut gates or sprues, be sure to slick the 
mold solidly. If you don’t, loosened sand will be carried 
into the mold cavity with the metal when the metal is 
poured. | 

VENT rons (figure 2-10) are steel wires which are slightly 
enlarged on one end and have a handle on the other. In 
some shops they have a wooden handle as does the one illus- 
trated. In others, the handle is merely an eye or loop bent 
on one end. Rod diameter and over-all length have not 
been standardized, but the average tool is about 10 inches 
long and its rod diameter averages 34. of an inch. The 
tool is used to perforate or pierce small holes in the mold 
to permit the easy escape of gases through the mold when 
the casting is poured. 

After a mold has been rammed and vented, and the sprue, 
gates, and risers have been formed, the next step is to remove 
the pattern from the mold. Usually no special preparation 
is necessary, but if the sand is a bit too dry, it may be neces- 
sary to add moisture to a portion of the mold, either before 
the pattern is withdrawn from the sand, or afterwards while 
effecting mold repairs. When sponges, swabs, or spray cans 
are used for either of the above purposes, only a minimum 
amount of moisture should be deposited. In fact, if your 
sand is properly prepared for molding, you will have little 
or no use for the devices illustrated in figure 2-11. 

Both the bulb sponge and the flax swab are used to moisten 
the contact area between the pattern and the sand on the 
mold parting line preparatory to drawing the pattern from 
the sand. The BULB sponce works on the same principle as 
a toy water pistol, but instead of squirting out a stream of 
water, the water bulb merely forces the moisture up the 
stem to the camel’s hair brush where it is absorbed and can 
then be applied to the desired mold portion in a manner 
similar to that employed to cover a surface with paint. 
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figure 2—11.—Moisture-adding tools. 


The FLAX SWAB, or BOSII as it is sometimes called, is an 
18-inch, tapered, tail-like device intended for use on large 
molding jobs. When immersed in water, the flax absorbs 
and retains a considerable quantity of water. To use the 
swab, first immerse it in water. Then, with the tip just 
touching the sand, move it over the area where moisture 
is required. The amount of water delivered at the swab’s 
tip is regulated by squeezing the swab body as necessary. 

A SPRAY CAN is used to spray the finished mold with plain 
water or with a special liquid mixture known as a “mold 
wash.” When the Molder blows through the can’s mouth- 
piece, a fine spray is discharged from the nozzle. By mov- 
ing the body of the spray can, the spray can be made to 
moisten any portion of the mold. 

The tools illustrated in figure 2-12 are used in molding 
to dust off the pattern before starting to ram the mold, to 
blow or brush sand from the mold’s surface, or to apply 
powdered graphite to the finished mold surface. 

The pear-shaped BELLOws is an accordion-like device used 
to create and direct an air jet into the mold to blow out loose ~ 
sand particles, or to blow away excess amounts of powder- 
like parting sand. Some Molders prefer compressed air, but 
with the bellows, the stream of air is easily controlled to 
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Figure 2—12.—Bellows and brushes. 


produce an air jet which varies from a soft, breeze-like cur- 
rent to a relatively harsh blast. Air stream intensity is 
varied by forcing the bellow’s handles together slowly when 
a soft air jet is desired, and by forcing them together vigor- 
ously when a more intense air jet is required. 

A COUNTER BRUSH (foxtail) is used to brush or dust off 
patterns, mold board, and similar objects before, during, and 
after the molding process. CAMEL’S HAIR BRUSHES are used 
to daub powdered graphite on mold surface areas; especially 
on the channels cut in the mold parting for gates and risers. 
Both of these tools are commonly known to men in all ship- 
board departments, but no one uses them as does the Molder. 

In addition to the tools thus far discussed, Molders need 
devices to lift patterns from the sand. When working with 
small patterns, you won't find any provisions made to facili- 
tate drawing the pattern. To draw small patterns, use a 
DRAW SPIKE. This tool is similar to an ice pick. The tool 
has a sharp, tapered point on one end of a steel rod and, 
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Figure 2—13.—Using a draw spike. 


usually, a wooden handle on the other. Very little pressure 
is needed to force the spike’s point into the pattern. After 
inserting the spike, and rapping the rod lightly on each 
side, a slow upward motion will remove the pattern from the 
mold. The use of a draw spike is illustrated in figure 2-13. 

A more satisfactory method of drawing patterns is with 
LIFTING SCREWS and RAPPING PLATES. The plates are built 
into the pattern parting surface by the Patternmaker on all 
but the smallest, patterns. Through their use, pattern life 
is prolonged because the use of the draw spike’s prick-point 
is eliminated and the destructive effect of rapping is taken 
up by the metal plate. To draw a pattern fitted with a ` 
rapping plate, a lifting screw having external threads the 
same size as the internal thread in the rapping plate is 
screwed into the plate. After the shank of the lifting screw 
is rapped, the unit is withdrawn from the sand in the same 
manner as with the draw spike. 
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A typical rapping plate and lifting screw are shown in the 
inset of figure 2-13. The plates range in size from 1 to 4 
inches in diameter and from 54¢ to 114, of an inch in thick- 
ness. Lifting screws are 6 to 8 inches long and have a 34-, 
1%-, or 54-inch tapered thread which fits into a correspond- 
ingly sized receptacle in the rapping plate. 

Only after the pattern is completed by the Patternmaker 
can the Molder start to construct his mold with the hand tools 
discussed in this chapter. And frequently, before the Pat- 
ternmaker is able to form the pattern with which the Molder 
works, both craftsmen must study a blueprint so that the 
pattern can be most satisfactorily constructed. In a way, 
the Patternmaker and the Molder are comparable to a pair 
of hands. Each is able to do a job without the other, but 
better results are obtained when the left hand knows what 
the right hand is doing. Asa Molder, a knowledge of blue- 
prints and patterns will help to make your paors with 
molding wer more successful. 


QUIZ 


1. Why must the Molder possess the ability to read blueprints? 

2. What is the secret of blueprint reading? 

3. When you look over a blueprint for the first time, where should 
you start? 

4. What is meant by pattern draft? 

5. What factor should be considered before making final decisions 
on the location of the pattern’s parting line? 

6. Why is it important that the Patternmaker know what metal will 
be used to produce a casting? 

7. What allowances, other than shrinkage. does the Patternmaker 
usually make when he makes the pattern layout? 


8. When is an extra allowance for machining provided? 

9. Why must the pattern’s surface be perfectly smooth? 
10. What will happen if the pattern is not properly shellacked? 
11. Why are pattern parts painted distinctive colors? 
12. Where can you find information on general hand tools? 


13. Name three requirements that must always be borne in mind 
when constructing a mold. 


14. What determines the size of a foundry sieve? 
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15. 


16. 
17. 
18. 
19. 
20. 


What condition would exist in a mold if it were rammed entirely 
with the butt of a hand rammer? i 

What usually causes a pneumatic rammer to operate improperly? 
When using a strike, what motion produces the best results? 
What determines the kind of tool used to finish a mold? 

Why should gates be slicked solidly after cutting? 


Why is it better to use lifting screws and rapping plates than 
draw spikes for removing the pattern from the mold? 
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CHAPTER 3 
SHOP EQUIPMENT 


SHIPBOARD FOUNDRIES 


When Navy Molders began producing castings aboard 
naval vessels during World War I, foundry techniques were 
governed by “rules of thumb” rather than by exact and care- 
fully controlled methods. This is understandable when we 
realize that, by modern standards, their facilities were crude 
as well as limited; especially when we compare their equip- ` 
ment with that found in today’s repair ships. At one time, 
the production of a steel casting in a shipboard foundry was 
next to impossible. Today, many shipboard foundries pro- _ 
duce steel castings equal in quality to any produced else- 
where. 

All Navy foundries are not identically equipped. Some 
have facilities for all types of work. Others have facilities 
only for limited quantities of low-melting-point metals. 
The kind and capacity of sand-handling, metal-melting, and 
control equipment furnished a shipboard foundry are de- 
termined by the type and volume of work that that ship’s 
foundry is expected to produce. 

As you know, ships having the same classification—de- 
stroyer, for example—often differ from one another. In 
like mariner, foundries having similarly rated capacities 
frequently differ from each other. In general, though, there 
are five classes of shipboard foundries. For the sake of 
convenience they have been grouped as follows: Class A, 
Class B, Class C, Class D, and Class E. Each is intended 
to provide certain services to the forces afloat. In some 
cases, the difference between them is merely the quantity of 
metal that can be handled. In others, it is the kind of metal 
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melted, as well as melting capacity. And frequently, the 
difference lies in the individual pieces of equipment fur- 
nished, rather than a capacity to cast a particular kind or 
volume of metal. Regardless of class, all foundries have 
the following four basic types of equipment: (1) sand mix- 
ers; (2) furnaces; (3) core ovens; and (4) cleaning devices. 
In addition, they are all provided with temperature- and 
moisture-control instruments, flasks, ladles, scales, and safety 
devices. 
Foundry Classifications 


Cuass A foundries have the ability to produce steel, iron, 
brass, and bronze castings weighing a maximum of 800 
pounds; and aluminum, babbit, and zinc castings up to 200 
pounds. Their equipment includes a 3-cubic-foot sand- 
muller; two or more electric furnaces; an oil-fired aluminum 
pot furnace; one or two core ovens; and a variety of clean- 
ing equipment, such as a sandblast cabinet, sprue cutter, 
pedestal grinder and portable hand chipping tools. 

Crass B foundries have the same metal-melting capabili- 
ties as a Class A shop, except that their capacity to handle 
steel is limited to a maximum of 500 pounds, while the upper 
limit for iron, brass, and bronze is 700 pounds. Aluminum, 
babbit, and zinc capacity is 200 pounds. A Class B foundry 
is equipped with a 24-inch laboratory-sized sandmuller, or 
two electric furnaces, and one portable, oil-fired aluminum 
pot furnace; one medium-sized core oven; and cleaning de- 
vices—sandblast cabinet, sprue cutter, and pedestal grinder. 

Crass C foundry capabilities permit the casting of steel 
up to 300 pounds; iron up to 400 pounds; aluminum, babbitt, 
and zinc up to 200 pounds; and all other metals up to 600 
pounds. A 24-inch laboratory-sized sandmuller is available 
for mixing sand. Melting equipment includes one 500- 
pound, molten-metal capacity electric furnace; one 400- to 
800-pound oil-fired tilting-crucible furnace; and one port- 
able oil-fired aluminum pot furnace. Class C foundries 
also have available a medium-sized core oven, sandblast cabi- 
net, sprue cutter, and pedestal grinder. 
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Crass D foundries have a limited capacity for the produc- 
tion of cast iron (300 pounds in an emergency), but they are 
unable to produce steel. They can, however, handle 600- 
pound brass and bronze melts, and up to 200-pound alumi- 
num, babbitt, and zinc melts. A Class D foundry has a small 
electric core oven, but no sand-mixing equipment other than 
an 18-inch gyratory riddle. Cleaning equipment is limited 
to a metal-cutting band saw and a pedestal grinder. Fur- 
naces available are two oil-fired tilting-crucible furnaces 
having a 250-pound and a 450-pound capacity respectively, 
and one portable oil-fired aluminum pot furnace. 

Crass E foundries are not equipped to melt iron or steel. 
Their brass and bronze capacity is limited to 300 pounds; 
while their low-melting-point alloy capacity is only 100 
pounds. The melting equipment consists of one oil-fired 
tilting-crucible furnace having a capacity of 300 pounds, and 
a portable oil-fired aluminum pot furnace having a ca- 
pacity of 100 pounds. Shops of this classification are 
equipped with a small electric core oven and a pedestal 
grinder. No sand-mixing equipment, other than the shovel 
and the riddle, is supplied. 

These, then, are the classes of foundries in which you will 
work when assigned to duty at sea. At shore stations and 
advanced bases, available equipment is also determined by 
the mission of the establishment and the services the foundry 
is expected to furnish. Permanent naval bases have large 
capacities, while minor advanced bases have limited facili- 
ties. With the possible exception of its melting equipment, 
shore-based foundry equipment is similar to that found 
aboard repair ships. Ashore, though, it is possible that a 
cupola for producing cast iron will be available. At ad- 
vanced bases, the electric melting furnaces are self-contained 
units; that is, they have their own electrical power genera- 
tor. More about melting equipment later. 

When you think about equipment, remember that Navy 
foundries are job foundries—not industrial production 
plants. Therefore, such equipment as molding machines, 
conveyors, and similar mass-production facilities are not in- 
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cluded in the allowance lists of foundries in which you will 
work. Neither will the individual pieces of machinery be 
as large. Nevertheless, the machinery in your shop is as 
suitable for your purpose as modern engineering skill can 
make it. 


SAND-HANDLING EQUIPMENT 


A big item in any foundry is sand control. To produce 
sound castings, molding and core sands must be properly 
mixed. Not only must the sand’s properties be carefully 
developed, but its moisture content must also be uniformly 
maintained. Some years ago, all Molders mixed sand en- 
tirely by hand. And, they determined the sand’s moisture 
content by “feel” and by “guess.” Today, guesswork is taken 
out of sand preparation by mixing the material in special 
machines. Instead of guessing at moisture content, mod- 
ern molders test their sand with instruments. By using sand 
mixers and moisture testers, faulty castings due to improperly 
prepared sand are avoided. 


Sand Mixers 


To the novice, the idea of preparing foundry sand seems a 
bit far-fetched. To him, whether it is found on the beach 
or in the foundry, a sand heap isa sand heap. All the same, 
a casual observer wouldn’t think much of a baker who ex- 
pected to produce a cake by throwing random quantities of 
ingredients into a pan. It’s much the same in a foundry. 
Merely combining materials will not provide a sand suitable 
for molding. To obtain a desirable product, both the baker 
and the Molder carefully select and weigh their ingredients. 
Then, they thoroughly mix their materials to assure uniform 
distribution of all the elements. Bakers obtain the necessary 
uniformity of distribution by using a dough mixer; Molders 
= obtain it by “mulling” the sand in a sandmuller. 

At this point, a clear-cut definition of the term “mulling,” 
as used by foundrymen, is in order. Some authorities claim 
that early Molders conditioned their sand with a sort of 
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“trampling” procedure. Whether or not they did is of little 
importance. However, since most sandmullers, especially 
those with which you will work, operate on a similar prin- 
ciple, a description of the trampling action may help you 
understand the term “mulling.” 

Mourne denotes an action similar to that which occurs 
when a material is smeared; that is, gently rubbed with a 
circular skidding motion. Now, to carry that thought 
through to the trampling of early Molders, think of the action 
that takes place when you walk through sand on the balls 
of your feet with a forward-sidewise, twisting motion. The 
sand underfoot is subjected to pressure, skidding, and smear- 
ing. In the area of pressure and motion, the individual 
grains are forced to smear over their neighbors. This smear- 
ing action, obtained by early Molders through trampling, is 
the principle of mulling in a Simpson muller. 

Although sand-preparing machines of different designs are 
available, the sandmuller illustrated in figure 3-1 is typical of 
those found aboard naval vessels. The model shown is a 24- 
inch Simpson laboratory-sized muller. It consists of a metal 
tub or crib, rollers, plows, clean-out door, drive motor, and a 
steel base. With this machine, 50 pounds of sand per batch 
can be prepared. Even though Class A foundries have sand- 
mullers capable of handling a 300-pound batch, the 24-inch 
muller’s capacity is sufficient for most shipboard foundry re- 
quirements. Whether the muller in your shop is a 3-cubic- 
foot (300-pound) or a 14-cubic-foot (50-pound) capacity 
machine, the same basic principles apply. 

Depressing the start button on a conveniently located 
start-stop contro] switch (not shown in the illustration) sets 
the muller in operation. Starting the motor causes the 
wheels and plows, which are attached to a vertical shaft 
geared to the drive motor, to revolve within the crib. Each 
muller wheel, in the 24-inch sandmuller, weighs 100 pounds 
and is 11 inches in diameter by 214 inches wide. When the 
machine is empty, the muller wheels do not rest on the wear 
plate in the bottom of the pan. Instead, they remain sus- 
pended above the wear plate’s surface. The space between 
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Figure 3—1.—A Simpson mixer or sandmuller. 


wheel and pan may be adjusted as desired, but a minimum 
clearance of 14 inch should always be maintained. If the 
proper clearance between muller wheel and pan is not pro- 
vided, the wheel’s full weight bearing against the wear plate 
during the mulling process will crush and distort the sand 
grains. Correct clearance adjustment will avoid grain 
crushing. 

When the muller is charged with material, mixing is ac- 
complished by a combination of the rollers’ skidding action 
and the plows’ furrowing action. Through these move- 
ments, all portions of the material being mixed are subjected 
to the pressure of the muller. This action causes each grain 
of sand to be thoroughly covered with the ingredients that 
have been added to the batch. (The several materials and 
their purpose are discussed in Chapter 6.) 

Besides continuously turning the sand during the mulling 
process, the plows help to unload the machine after the batch 
is processed by pushing the mulled sand to the discharge door. 
This door is located in the bottom of the crib and is opened 
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by operating the clean-out door control levers. When more 
than one batch of sand is mixed, the action of the plows is 
sufficient to clean out the muller between batches. When the 
muller is secured for the day, however, the crib should be 
given a thorough cleaning. 

As you know, sand is an abrasive material, which, if per- 
mitted to enter and remain in the bearings of moving parts, 
soon causes undue wear. Since the muller wheels and verti- 
cal shaft always move in the presence of sand, some particles 
may work their way into bearings. To prevent an accumula- 
_tion of sand in these locations, and to remove any grains that 
may have entered, daily lubrication is necessary. Lubri- 
cation charts and lubrication specifications are furnished 
with each sand-mixing machine. Use the charts and specifi- 
cations as your lubrication guide. Lubrication is necessary 
each time you use the machine. Remember, lubrication is 
most important to satisfactory operation as well as to pro- 
longing the sandmuller’s useful life. 

Another device common to Navy Molders is the grratory 
RIDDLE. It serves the same purpose as the 18-inch foundry | 
sieve, shown in figure 2-6, except that the gyrator substitutes 
a motor’s horsepower for the workman’s muscle power. A 
gyratory riddle may be driven by either an electric or an 
air motor. In either case, the unit consists of a portable 
stand, a frame for a standard 18-inch foundry sieve, and a 
drive motor which causes the riddle to gyrate. The device is 
useful for preparing certain natural bonded molding sands 
and for preparing core sands when a sandmuller is not avail- 
able. However, when a sandmuller is available, it.may be 
used advantageously for preparing all classes of foundry 
sands, 


The Moisture Tester 


Whether foundry sands are prepared by hand or by ma- 
chine, an important factor is the sand’s moisture content. 
Oldtimers determined a sand’s suitability for molding by 
picking up a handful of the sand in question, squeezing it in 
the palm of their hand, and then observing the sand’s char- 
acteristics. Some molders still swear by this method of sand 
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testing, but experience has shown that better castings result 
when the moisture content of molding sand is more accurately 
determined and controlled. This control is assured only 
when instruments, designed to determine moisture content. 
are substituted for obsolete “by guess” methods. 

The instrument shown in figure 3—2 is a SPEEDY MOISTURE 
TESTER. Other testing devices are also available, but the one 
illustrated is most frequently employed in Navy foundries. 
The complete testing outfit consists of the following: a 15- 
by 12- by 434-inch carrying and stowage case; a small bal- 
ance for weighing a quantity of the material to be tested; a 
supply of calcium-carbide in a stowage container; a stem- 
handled cup for measuring calcium-carbide; and a shaker 
or container in which the test is actually made. This last 
part (B and C in figure 3-2) has four distinct parts: the 
shaker body; the cap; the stirrup, including the setscrew; 
and the moisture-percent indicator gage. 

Conducting a moisture test with the Speedy tester is a 
simple matter. To conduct the test, follow this procedure: 


1. Remove all items from the case except the balance. 

2. Rig the balance in an upright position. 

3. Prepare the shaker for the test by loosening the stir- 
rup’s setscrew and removing the cap. 

4. Accurately weigh out a 6-gram sample of sand and 
place it in the cap. 

5. With the measuring cup, scoop a level cupful of the 
calcium-carbide reagent from the container and trans- 
fer it to the shaker body. (Ifthe material being tested 
is bulky, the reagent may be placed in the cap and the 
material in the body.) 

6. Holding the shaker in a horizontal position (D), re- 
place the cap, adjust the stirrup, and tightly draw up 
on the setscrew. 

7. With the stirrup down, while the shaker is in a vertical 
position (E), vigorously shake the Speedy until the 
dial needle begins to move. 
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Figure 3—2.—Speedy moisture tester. 
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8. Return the shaker to a horizontal position. When the 
needle stops moving, read the result indicated on the 
dial. 


The principle of the Speedy moisture tester’s operation 
is similar to that of a carbide lamp. Both depend on gas 
generation. As you know, acetylene gas is generated when 
calcium-carbide and moisture are intimately mixed. Fur- 
ther, if the gas is liberated in a sealed container, internal 
pressure is developed. During the shaking step of the test 
(E in figure 3-2), the calcium-carbide is intermixed with 
the moist molding sand. This admixture of reagent and 
moisture generates acetylene gas. As gas is liberated, pres- 
sure builds up within the sealed shaker chamber. Since the 
amount of acetylene liberated from a given quantity of cal-. 
cium-carbide depends on the amount of moisture available 
for the reaction, a relatively wet sand generates more acety- 
lene, and builds up greater pressure, than does dry sand. 
Therefore, as the sand’s moisture content increases, more 
acetylene is generated from the available quantity of carbide. 
And, with more acetylene, pressure within the shaker is 
proportionately greater. Finally, greater pressures cause 
the gage needle to move farther up the dial scale. Actually, 
the instrument measures gas pressure, but the gage is so 
calibrated, and the dial face so marked, that percentage of 
moisture is registered by the needle. 

After completing a test, loosen the stirrup setscrew, per- 
mitting the gas to escape slowly. Then, remove the cap and 
thoroughly clean the interior of the cap and shaker with a 
clean cloth. Before stowing the shaker in the case, replace 
the cap and its rubber washer. Other than general cleaning, 
and frequent checking of the balance for accuracy, no addi- 
tional maintenance is necessary. 


Molding Containers 


There are some exceptions, but in general the mold for a 
casting is constructed in a metal or wooden box-like frame 
known as a “flask.” A complete flask consists of sections 
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made in such a manner that they may be accurately fitted 
together. All molds require at least two flask sections so that 
the mold can be opened to remove the pattern. The upper 
portion of a mold involving two flask sections is called the 
cope; the lower portion is the prac. In multipart molds, the 
section between the cope and the drag is known as the CHEEK. 

The flask sections used for most jobs in Navy foundries are 
made from a single piece of 14-inch, rolled-rib channel steel 
formed to the desired shape. The joint, as well as the fit- 
tings, is secured by a welding process. Lugs for flask pins 
are usually secured to the flask on the lengthwise centerline. 
On small flasks, a flat lifting handle is welded midway be- 
tween the lugs on each end of the flask section. Large- and 
medium-sized flasks have two-man lift handles welded to the 
‘flask as an integral part of the corners. 

Because of limited shipboard stowage facilities only those 
flask sizes considered essential are available. Nevertheless, 
the number and sizes of flasks provided are sufficient to meet 
normal needs. However, from time to time a flask larger 
than the standard 30- by 30- by 8-inch flask may be necessary. 
In that event, a wooden flask constructed by the Pattern- 
maker must be resorted to. 

Normally, the flask sections used by Navy Molders are 
either 6 or 8 inches deep. In length and width, however, the 
variation is greater. Small, one-man flasks are provided in 
two sizes: 14 inches square, and 16 by 12 inches rectangular. 
Medium-sized flasks, fitted with two-man handles are sup- 
plied in three sizes: 18 inches square, 20 by 14 inches rec- 
tangular, and 22 by 16 inches rectangular. Large, two-man 
flasks—24 inches square and 30 inches square—are also fur- 
nished to some foundries. The cross-sectional wall thickness 
of small and medium flasks is 14 inch, while the metal thick- 
ness of large flasks is 34, inch. 

There are many flask designs available, but the standard 
flask section used by the Navy is interchangeable. By that, 
we mean that individual flask sections can be used as either 
a cone, drag, or cheek. With an interchangeable flask the 
sections may be bolted together or removable portable pins 
may be used to keep the sections aligned. 
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Some flask sections are intended for use only as the drag. 
In this event, the section is fitted with permanently attached 
pins. When a drag with permanent pins is rammed up, re- 
member that the pins must be pointing downward when the 
flask section is placed on the mold board. Otherwise, you 
may have difficulty attaching the cope section after the drag 
is reversed. This point is more fully described and illus- 
trated in Chapter 7, “Making the Mold.” 

The flasks shown in figure 3-3 are typical of those available 
in Navy foundries. The flask at A is the standard two-man, 
clouble-lug, interchangeable flask. This type is used almost 
exclusively by Navy Molders. B illustrates a one-man, 
single-lug flask; C, a circular flask; and D, a wooden snap 
flask. The steel flasks shown at A, B, and C are much alike 
in appearance and use. Snap flasks, however, are a bit dif- 
ferent and, therefore, warrant additional treatment. 

SNAP FLASKS are wooden box-like frames equipped with 
hinges and a locking device so that the flask may be removed 
from the mold when it is finished. They are used extensively 
in production foundries because they eliminate the need for 
a large number of small, standard flasks. By using a snap 
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Figure 3—3.—Typical molding flasks. 


59 


flask and jackets, a molder can ram-up a large number of 
molds with one flask. Insofar as ramming a mold by hand 
is concerned, there is no difference between a snap and a 
regular flask. However, snap flasks are always made in sets. 
That is, the cope and drag are not interchangeable, and the 
cope depth is usually greater than that of the drag. 

The big difference between snap flask molding and mold- 
ing in regular flasks is this: with the standard flask, the com- 
pleted mold remains in the flask while the casting is poured. 
With a snap flask, after the mold is rammed the flask’s lock- 
‘ing device is released, the flask is opened sidewise, and the 
entire flask is then removed from the mold. After the flask 
is, removed, a lightweight metal or wooden jacket, similar 
to a flask except that it is not made in sections, is slipped over 
the mold. This jacket is necessary because it keeps the mold 
from crumbling when internal pressure develops as the cast- 
ing is poured. ` 

If your shop has snap flasks, two or three sets will be avail- 
able. Class A and B foundries usually have three sets: a 
12-inch square, a 12- by 16-inch rectangular, and a 14- by 
18-inch rectangular. Only the two smaller sizes are avail- 
able in other classes of foundries. All snap-flask sizes have 
a 5-inch cope depth and a 4-inch drag depth. Also, all cor- 
ners are reinforced and the flasks are fitted with double 
V-type guide pins. 

Although camps are not a part of a molding flask, they 
are a vital auxiliary device. Clamps are used to hold the 
several mold parts together while the casting is poured. If 
the flask is not clamped together, the mold tends to separate 
at the parting line when molten metal fills the mold cavity. 

Many types of clamps are manufactured, but those illus- 
trated in figure 3-4 are typical. Since the clamp shown at 
A is nonadjustable, wooden wedges are required to lock the 
mold parts tightly together. Clamps of this kind are usu- 
ally forged by the ship’s blacksmith to the size and shape 
desired. 

The clamp at B is an adjustable (Thompson’s patent) 
device. With it, wedges are not required. This clamp’s 
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Figure 3—4.—Typical mold clamps. 


upper jaw is movable, making it possible to adjust the device 
(within its size range) to any convenient opening. After 
placing the clamp in the proper position, it is locked by de- 
pressing the lever on the movable jaw. As the clamp locks, 
it also exerts a slight pressure which squeezes the mold to- 
gether. Adjustable Thompson clamps may be obtained in 
three sizes: 16-inch, 24-inch, and 36-inch. Although clamps 
greater in size are manufactured, the sizes indicated are ade- 
quate for any mold clamping job in a Navy foundry. 


MELTING EQUIPMENT 


Whether a foundry is large or small, a metal-melting unit 
must be available if a casting is to be produced. This melt- 
ing unit may obtain its ability to heat from the combustion 
of coke or oil, or from an electric current. 

Aboard some vessels, where electrical power facilities are 
limited, oil-fired tilting-crucible furnaces are installed. 
And, at a few shore stations, cupola furnaces are operated. 
However, whether the foundry is equipped with a cupola, oil- 
fired or an electric furnace, there is usually a small, low- 
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temperature furnace for melting low-melting-point alloys. 
In the course of your Navy career, you'll have an opportu- 
nity to work with all of the above types of metal-melting 
units. The various types of nonelectric melting equipment 
are described in this chapter. Because of the variety and 
complexity of electric melting units, they are discussed and 
illustrated in a separate chapter (Chapter 4). 


The Cupola 


_ A large percentage of the gray cast iron produced in the 
United States is cupola iron. Nevertheless, cupola-iron pro- 
duction in the Navy is negligible. Why? There are several 
reasons. First, because the space occupied by a cupola ex- 
ceeds that available in shipboard foundries. Second, be- 
cause the quantity of iron produced by the cupola exceeds 
that normally needed. Third, because consistently better 
grades of iron can be produced by other methods. And, 
finally, because cupola is not satisfactory for the production 
of steel castings. This last reason is probably the most im- 
portant. Navy foundries required to produce iron are also 
required to produce steel. Therefore, electric furnaces capa- 
ble of producing steel are used rather than a cupola. With 
electric furnaces (see Chapter 4) all types of metals includ- 
ing irons are easily produced. However, a few cupolas are 
operated at repair bases. You should, therefore, be famil- 
iar with their construction, use, and operation. 

A cross-sectional view of a cupola is shown in figure 3-5. 
Notice that the furnace is a cylindrically shaped, vertical 
unit. Essentially, a cupola consists of a steel shell (boiler 
plate) lined with a refractory (heat resisting) material 
through which a blast of air is forced. The entire structure 
is supported on columns or legs which elevate the furnace 
above the foundry door. The clearance between the furnace 
bottom and the floor is sufficient to permit clean-out doors 
in the bottom of the cupola to swing open. A prop holds 
the bottom doors closed while the unit is in operation. 

Another door, the charging door, is located on the side of 
the shell about 10 feet above the cupola’s bottom. The loca- 
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tion of the charging door depends, of course, on the size of 
the cupola. Around the cupola at a convenient height is a 
platform permitting access to the charging'door. It is from 
this platform that the cupola is charged with fuel, metal, and 
flux. 


CROSS SECTION OF CUPOLA FURNACE 
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Figure 3—5.—Diagram of a cupola. 


At the lower end of the furnace is the wind box and the 
tuyeres (openings) through which air enters the cupola dur- 
ing the melting process. Below the tuyeres on one side of 
the furnace is the breast. This opening is used to ignite 
the cupola and, subsequently, to tap or draw off the molten 
iron. Directly opposite, but somewhat higher, is the slag 
hole. Through this opening, scum-like impurities are drawn 
off. 
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Preparing the cupola for operation involves checking and 
repairing any damaged areas of the lining, and ramming a 
sand bottom over the closed and propped clean-out doors. 
Repairs are made to the lining by replacing faulty bricks, 
patching cracks with fire clay, and coating the lining walls 
with a clay wash. 

The most suitable sand for ramming the bottom is one 
having a minimum moisture content. When rammed, the 
sand bottom is tapered one inch per foot in the direction of 
the breast. At the breast, the sand’s depth is 5 inches. On 
the opposite side it is proportionately deeper. In a 24-inch 
cupola, for example, the depth or thickness of the bottom 
sand on the slag hole side is 7 inches. This taper or draft 
is provided to facilitate the melted metal’s flow to the tap 
hole. 

After all work on the lining and the bottom is completed, 
and before the cupola is placed in operation, the unit is 
thoroughly dried out. When thoroughly dry, kindling wood 
is laid on the furnace floor in such a manner that it can be 
ignited from the breast with a torch. An arrangement 
similar to the veins of an oak or maple leaf is satisfactory. 
Following this, a bed of coke is charged in the furnace bot- 
tom. Practice varies, but the initial charge of bed coke is 
usually built up to about 38 inches above the top of the 
tuyeres. 

The bed is ignited by applying a torch to the wood tinder 
at the breast. As the tinder and then the coke begin to 
burn, the air entering through the tuyeres is increased by 
opening additional tuyeres. The entire bed is brought up 
to an even, glowing-red heat. The evenness of heat is con- 
trolled by opening and closing tuyeres as necessary and by 
frequently poking the bed with a round bar. While the 
coals are reaching the proper temperature, the bed will settle 
considerably. 

Lighting the bed and bringing it to a uniform heat should 
be accomplished without the use of forced draft. Never- 
theless, if natural draft is insufficient, the air blast may be 
resorted to. However, only a minimum of air pressure 
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should be used and the blast should be on for only a few 
seconds at a time. When the bed reaches a uniform tem- 
perature, another layer of coke is added. When this last 
added coke comes to a dull red, the cupola is ready to be 
charged with metal. 

The proportion of materials charged depends upon the 
cupola itself and upon the composition of metal required. 
One portion of the metal charge is iron scrap; a second 
portion is sprues or bits of steel scrap; the remainder is pig 
iron. For high-grade castings, the percentage of pig iron 
may be as much as 45 percent. For other grades, the per- 
centage of pig iron may be considerably lower. For ex- 
ample, if you are producing a casting whose properties are 
to approximate those of a window sash weight the percent- 
age of pig iron is negligible. | 

Coke and metal charge proportions vary from one foundry 
to another. In general, though, the ratio of metal to coke 
is from seven to twelve parts of metal to one part of coke 
(both by weight). For example, a 500-pound metal charge 
in a 24-inch cupola is melted down with about 65 pounds of 
coke. In addition, approximately 20 pounds of limestone 
(flux) is added to make the slag flow freely and purify the 
melted metal. (Fluxes and their functions are discussed 
in Chapter 10.) 

The metal and coke are charged in alternate layers as il- 
lustrated in figure 3-5; first a layer of metal and then a layer 
of coke. The intermediate layers of coke should be just 
enough to cover the preceding layers of metal. When plac- 
ing metal in the cupola, distribute the various pieces within 
the layer so that the larger chunks are near the center of the 
furnace and the smaller ones near the shell. Since large 
chunks require more heat for melting than small pieces, the 
extra heat at the center of the cupola serves to break down 
the larger masses more quickly. This distribution also helps 
all portions of the layer to melt at the same time. 

After charging, the tap hole is plugged with a bott (cone- 
shaped clay plug), and the air-blast blower is turned on. 
The air blast is necessary to burn the fuel rapidly and to at- 
tain the high temperature required to melt iron. The amount 
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of air forced through the cupola is important in that it gov- 
erns the melting rate. An insufficient amount of air causes 
slow melting and results in “cold iron.” On the other hand, 
an excess of air produces oxidized metal. 

About 7,000 (535 pounds) cubic feet of air is necessary to 
melt down 500 pounds of metal. With the 24-inch cupola in 
continuous operation, 2 tons of metal can be melted each 
hour. This capacity exceeds by far the norma] requirements 
of the foundries in which you will work. As a general rule, 
if you use a cupola at all, a single charge will produce the 

amount of iron needed for the pour. 

= From 45 minutes to 1 hour will elapse between charging 
and cutting in the air blast, and tapping the cupola. On 
many cupolas, the slag hole is so located that the slag will run 
off when the charge is completely melted down and ready for 
tapping. To a great extent, the length of time that the 
melted metal is allowed to remain in contact with the in- 
candescent coke on the cupola hearth before it is drawn off 
determines the amount of total carbon the charge picks up 
from the coke. Usually, though, the iron is tapped as soon 
as possible. 

Tapping is accomplished by removing the bott. With the 
bott removed, the melted iron flows through the breast, over 
the spout, and into a waiting ladle. To stop the flow, a bott 
is again placed in the tap hole. 

At the end of the heat—when all metal is drawn from the 
cupola—the prop supporting the bottom is removed. This 
permits the bottom doors to drop open. Caution: Before 
removing the prop, be sure that the sand under the cupola is 
not wet. The presence of moisture will cause steam to form 
when the hot material from the cupola hits the sand. Some- 
times the bottom fails to drop when the prop is removed. In 
this event, the doors must be pried loose with long, pointed 
bars or by dropping heavy pieces of pig iron into the furnace 
from the charging platform. 

After the hot material has been dumped, water is played 
on top of the heap to coolit down. This prevents the cupola’s 
legs from being burned. In applying the water, however, 
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care must be exerted to prevent the water from running under 
the drop where it may form steam and cause an explosion. 

If all the charged metal has not been completely melted, 
the unmelted portions of scrap and pig will drop with the 
bottom as a sticky mass. This metal may be re-used, but it 
requires a thorough cleaning. The best practice is to con- 
tinue operating the cupola until all charged metal has been 
melted down, pouring any unneeded portion of the batch into 
pig molds. After all melted metal has been drawn off, the 
bottom dropped, and the cupola’s interior has cooled, the 
cupola is cleaned, repaired, and prepared for the next heat. 


Oil-Fired Furnaces 


Oil-fired equipment is usually furnished to ships having 
limited electrical power-generating facilities. These units 
are highly satisfactory for producing brass, bronze, and low- 
melting-point alloys, but their ability to produce iron-base 
alloys is restricted to small quantities of cast iron. They 
are seldom suitable for. melting steels because the maximum 
temperature obtainable from the combustion of oil is not 
sufficiently high. 

Several types of oil-fired furnaces, including open-flame 
and crucible units, are manufactured. These furnaces may 
be either stationary or tilting. In the open-flame unit the 
metal is melted in a cylindrical or egg-shaped furnace cham- 
ber designed to reflect and radiate the flame’s heat. As the 
heat waves sweep in through the burner tunnel, they are re- 
flected from the furnace walls and pass over the charged 
metal. Ina crucible furnace the metal is melted in a special 
refractory pot exposed to the direct action of the flame which 
swirls between the furnace lining and the crucible. The heat 
produced by the flame passes through (conduction) the pot 
and raises the metal’s temperature to the melting point. In 
the open-flame unit, heating is accomplished by radiation. 
In the crucible unit, heating is accomplished by conduction. 

Two types of oil-fired furnaces are utilized aboard naval 
vessels: One is a pot furnace; the other is a tilting-crucible 
furnace. Both heat by conduction; that is, the metal charge 
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is melted in a special pot which isolates the metal being melted 
from the direct action of the flame. The pot furnace is a 
nontilting unit. Melted material is removed from this fur- 
nace by dipping out the metal with a small hand ladle. When 
melting is accomplished in a tilting-crucible furnace, the 
metal is removed by tipping the barrel through the operation 
of a geared handwheel. 

The basic difference between a pot furnace and a tilting- 
crucible furnace is the supporting structure and the tilting 
mechanism. A description of the tilting-crucible furnace 
will, therefore, serve to familiarize you with the oil-fired fur- 
-naces used by Navy Molders. 

A typical tilting-crucible furnace is illustrated in figure 
3-6. The unit consists of a barrel mounted on trunnions; 
a geared handwheel by which the barrel is tipped when dis- 
charging metal; a cover or head; a lever and swivel arrange- 
ment for opening, closing, or swinging aside the cover; a 
burner nozzle with its oil- and air-control valves and supply 
lines; and a melting pot or crucible. 

The furnace barrel is a steel shell having a aiy washed 
interior. Next to the fire-clay wash is a refractory lining. 
Some linings are made from brick-like silica shapes fur- 
nished by the furnace manufacturer. Others are formed 
with a heavy-duty, mud-like, plastic material rammed into 
a monolithic (single piece) lining. If a monolithic lining 
is used, successive layers are rammed into place until the ` 
lining is built up to the desired thickness. If the lining is 
constructed from brick-like refractory shapes, as they are 
in many instances, the lining is fitted, brick by brick, into 
the shell. After the wall has been completed, it is washed 
with fire clay. 

The furnace cover also has a refractory lining similar to 
that of the shell. At its center is an opening through which 
metal is charged and through which furnace gases are 
vented. When the furnace is in operation the cover is locked 
shut by the cover lifting lever. When the lever is pulled 
down, the cover is raised and may be swung to one side. 
This is done whenever the furnace is cleaned, a crucible re- 
placed, or the furnace wall repaired. 
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Figure 3—6.—An oil-fired, tilting-crucible furnace. 
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Long-lip crucibles (see figure 3-7) are used in tilting 
furnaces. The lip may be an integral part of the pot or it 
may be detachable; either is satisfactory. Oil-fired furnaces 
have provisions for supporting the crucible in the furnace 
(see B, figure 3-6). From time to time it is necessary to 
renew the base block. When installing a new base block, be 
sure that it is properly centered in the shell. 

When the crucible is in position the lip rests snugly in the 
furnace spout, and the bottom is slightly above the burner 
tunnel level. The space between the crucible and the fur- 
nace wall should not be so small that the fuel is not com- 
pletely burned before it leaves the furnace. Neither should 
it be so large that the fuel is burned near the bottom. 

To prevent the crucible from shifting when the furnace 
is tilted, firebricks are often wedged between the furnace 
wall and the crucible. However, if the crucible is resting 
properly on the base block and the lip is mudded in, the use 
of bricks is unnecessary. If firebricks are used, they must 
be carefully installed or the crucible may be damaged. 

To hght off an oil-fired furnace, some sort of a torch is 
needed. A device made from rags wrapped around and 
wired to one end of a steel rod, and then soaked in kerosene, 
will serve the purpose. After igniting the torch, hold the 
flame beneath the burner nozzle at the burner port. Then 
crack (open slightly) the air valve, permitting a mild blast 
to enter the furnace. Next, crack the oil valve slightly. 
As the air blast atomizes the fuel, the torch flame ignites it. 
Once the fuel is ignited, adjust the burner-control valves 
to obtain a soft flame. Lighting off a furnace is not diffi- 
cult, but 1t requires practice to obtain the necessary skill. 

Constant adjustment of the control valves is necessary, 
especially during the warm up—preheating—period. It’ll 
take from 20 to 30 minutes for the furnace to warm up prop- 
erly. During this period, as well as afterwards, skillful 
manipulation of the air and fuel valves is always necessary. 
Why all this talk about control-valve manipulations? The 
answer is: to provide the proper furnace atmosphere. This 
atmosphere is of utmost importance because molten metal 
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is easily affected by the gases of combustion. In an oil-fired 
furnace, it is possible to determine furnace atmosphere by 
observing the flame as it leaves the opening in the furnace 
cover. 

Basically, three kinds of furnace atmosphere are possible: 
neutral, oxidizing, and reducing. A neutral atmosphere is 
one in which combustion is perfect, there being no excess of 
air or fuel. An oxidizing atmosphere is one in which the 
volume of air in the air-fuel mixture entering the burner 
port is greater than the volume of fuel. A reducing atmos- 
phere is just the opposite. Here, the volume of fuel is 
greater than the volume of air. 

Strictly speaking, a neutral atmosphere is preferable. 
However, this ideal condition is unobtainable in an oil-fired 
furnace. If we consider a reducing atmosphere, as well as 
an oxidizing atmosphere, as being evil, then, a slightly oxi- 
dizing atmosphere is the lesser of the two evils. In brass, 
bronze, and aluminum melting, even the slightest reducing 
atmosphere may prove harmful to the molten metal because 
it causes gas absorption. In other words, a slight fuel de- 
ficiency is preferable. to any excesses. Therefore, oil-fired 
furnaces should be adjusted to provide a slightly oxidizing 
furnace atmosphere. The proper adjustment is hard to 
maintain while the furnace is being preheated and while the 
metal charge is cold. Once the furnace and the charge be- 
come heated, however, the proper adjustment is maintained 
more easily. 

As previously stated, furnace atmosphere may be deter- 
mined by observing the flame. When the atmosphere is 
slightly oxidizing, a greenish tinge appears around the 
flame’s outer fringe. On the other hand, a smoky, yellow 
flame indicates a reducing atmosphere. Another way to de- 
termine furnace atmospheric conditions is to pass a piece of 
virgin zinc through the open flame. If the zinc turns black, 
the atmosphere is highly reducing. If it turns straw yel- 
low to light gray, the atmosphere is slightly reducing. And, 
if it does not change color, the atmosphere is slightly 
oxidizing. 
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The desired atmospheric conditions should always be ob- 
tained by adjusting control valves in such a manner that the 
furnace atmosphere changes from reducing to slightly oxi- 
dizing, rather than from highly oxidizing to shghtly oxidiz- 
ing. Why? Because a slightly oxidizing flame is difficult 
to distinguish from a highly oxidizing flame. A slightly 
oxidizing adjustment is most important while the metal is 
molten. Any reducing atmosphere at this time will cause 
gas porosity in the casting. 

Whenever an oil-fired furnace is shut dor n—whether at 
the end of the heat, or temporarily during the melting cycle 
to add virgin metal to the charge—the fuel valve should be 
closed first. As you may recall, this is opposite from the 
lighting-off procedure where the air valve is turned on first. 
These points are important to remember: to light off. cut 
in the air, then the fuel. To shut down, first cut off the fuel, 
then the air. 

Crucibles 


When used in its broadest meaning, the term “crucible” 
refers to a pot or container in which materials having rela- 
tively high-melting points are melted. In some instances, 
these containers are cast iron, cast steel, or wrought steel. 
Most often, though, a crucible is made from a highly refrac- 
tory material such as clay, graphite, porcelain, magnesia, or 
silicon-carbide. Crucibles used in Navy foundries are usu- 
ally silicon-carbide or graphite bonded with clay. 

Three types of foundry crucibles are illustrated in figure 
3-7. They are (A) detachable long-lip, (B) long-lip, and 
(C) short-lip. Those shown at A and B are used in tilting- 
crucible furnaces similar to the one illustrated in figure 3-6. 
Short-lip crucibles are used in pit furnaces, lift-coil electric- 
induction furnaces, and for hand shank pouring. Al] three 
types are available in a large range of sizes. At one time 
or another, you may have use for each of the crucible types 
illustrated. 

The crucible sizes with which you may be concerned are 
the No. 10, No. 70, No. 150, No. 200, and No. 275. These 
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numerical designations, in addition to indicating size, may 
be used as an approximation of the crucible’s aluminum ca- 
pacity (pounds). For example, a No. 70 crucible will hold 





Figure 3—7.—Crucibles. 


T0 pounds of aluminum. To give you a general idea of cru- 
cible proportions, the data given in Table I may prove useful. 
Crucible capacity is stated by the manufacturer in terms 
of the amount of water (in pounds) the pot will hold. A 
crucible’s capacity for a particular metal is determined by 
either of two methods—the specific gravity formula or the 
density formula. With the first method, the crucible’s water 
capacity is multiplied by the specific gravity of the metal 
to be melted. (Specific gravity is the ratio of the weight 
of a given volume of metal to the weight of an equal volume 
of water. This subject will be more fully explained in Chap- 
ter 5.) Expressed as a formula, we have 
C=WS 
where C=the crucible capacity in terms of the metal under 
consideration. 
W =the water capacity of the crucible in question. 
S=the specific gravity of the metal considered. 


For example, the specific gravity of gray cast iron is 
about 7.22; a little more than seven times as heavy as an 
equal volume of water. Now, if you want to find the total 
iron capacity of, say, a No. 70 crucible, multiply that cru- 
cible’s water capacity, as given in Table I, by the specific 
gravity of gray iron. Substituting in the formula we have: 
C=32 X 7.22=231.04. This result is the crucible’s total 
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iron capacity. Its safe working capacity, however, is some- 
what less; normally, between 70 and 90 percent of the total 
capacity. 


TABLE I.— Typical Crucible Sizes 





Size (No) | Height (in) Bilge (OD in.) | Water Capacity (Ihs.) 
10.._..____. 8 6% | 4.8 
70- 15M6 123⁄6 ` 32 
150.. 18% AY 60 
200.. ----- 20 164 80 
PA a E ETE 22 171346 110 
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Crucible capacity may also be approximated by using a 
second method which employs the metal’s density or weight 
per cubic foot instead of its specific gravity ratio. The den- 
sity factor is used in conjunction with the crucible’s size 
number in the formula 


WwW 
C=N -65 
Where C=the crucible capacity stated in terms of the metal 
In pounds. . 
N=the crucible number. 
W =the weight of the metal considered in pounds per 
cubic foot. 
168=the weight of a cubic foot of aluminum. 


Using the same crucible size (No. 70) and the same metal 
(gray cast iron) as was employed in the first example, the 
crucible’s working capacity is found by making the proper 
numerical substitutions in the formula and carrying out the 
problem to a solution : 


450 
168 


This latter formula 1s more convenient than the preceding 
specific gravity formula since the result obtained is work- 
ing capacity instead of total crucible capacity. By the first 
method, you not only must know the metal’s specific gravity, 





C=70 x 


= 186 pounds, approximately 
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but also the crucible’s water capacity. In the second meth- 
od, these factors are unnecessary. Although the weight per 
cubic foot of metal being considered, as well as the crucible’s 
size number, are needed, these factors are usually more easily 
recalled or located than are crucible water capacity and the 
specific gravity of metal. (See Table II in Chapter 5 for 
the weight per cubic foot and the specific gravity of common 
. metals.) ; 

If any piece of foundry equipment may be said to be 
fragile, a crucible falls in that category. Although a cru- 
cible isn’t as delicate as an egg’s shell, careful handling is 
necessary. Further, it should be stowed in an inverted posi- 
tion in a warm, dry place. For this purpose, a core oven 
is not suitable because moisture from wet core sands may 
be absorbed by the crucible. The absorption of moisture by 
a crucible must be avoided because moisture may cause the 
crucible to crack when heat is subsequently applied. 

Before a crucible is placed in service it should be slowly 
heated to a temperature of 300° F. Heating is necessary to 
eliminate any moisture that may be present. The core oven 
(see Chapter 8) may be used for preheating, provided the 
oven is not being used to bake cores at the same time. Re- 
member: slow heating is essential; rapid preheating may 
crack the crucible wall. In the same vein, if preheating is 
not done at all, cracking is likely to occur during the melting 
procedure when a high temperature is suddenly applied. 

After preheating, but before charging, the crucible’s 
temperature is brought up to a red heat. At this time it is 
inspected for cracks. If the crucible’s condition is satisfac- 
tory, it is ready for charging. During the charging opera- 
tion, scrap metal and ingots of virgin metal must. be care- 
fully deposited. Crucibles are very brittle when at a high 
temperature; hence, the charging operation must be care- 
fully performed. This likewise applies to any poking that 
may be necessary during the melting cycle. 

Between heats, as well as at the close of the working day, 
all excess metal clinging to the sides and bottom of a cru- 
cible should be carefully removed. Here, too, caution is 
essential to avoid crucible damage. At this time, check the 
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bottom and walls for cracks. Small, hairline cracks, 
through which metal cannot run, will not give trouble as 
they will be sealed by the next heat when the pot expands. 
If larger cracks are apparent, however, the pot should be 
discarded. The pot should also be discarded if the wall 
thickness becomes less than 5% inch. 

At the close of the working day, or if the length of time 
between heats is lengthy, the crucible should be cooled 
slowly. Why? Because fast cooling tends to develop 
cracks. Above all, do not permit metal to solidify in the 
pot. With proper care, the life of a crucible may be 
materially increased. 

Ladles 


In some respects a ladle is similar to an oil-fired furnace; 
in others it is like a crucible. And, of course, in many ways 
it has characteristics all its own. A ladle has one purpose: 
to transport molten metal from the melting unit to the mold 





Figure 3—8.—Typical ladles. 
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in which a casting is to be produced. Basically there are 
three types of ladles: lip-pouring, teapot, and bottom- 
pouring. Each of these types is available in a range of 
sizes. Asa general rule, only lip-pouring and teapot ladles 
are used by the Navy. Bottom-pouring ladles have large 
capacities and are more suitable for production shops han- 
dling large volumes of metal. 

The most common types of ladles used in Navy foundries 
are illustrated in figure 3-8. The smaller ladle is repre- 
sentative of lip-pouring ladles while the larger is typical 
of teapot ladles. In the same illustration, two devices for 
handling ladles are shown. With the smaller ladle is a 
double-end carrying shank. With the larger ladle is a 
double-end carrying shank with bail. The latter is used 
with an overhead crane. 

The size of the ladle and the method of transporting de- 
pend on the amount of metal to be handled at one time. 
When very small amounts of metal are involved, a small 
ladle (see figure 10-5) with a pipe-ring handle pouring 
shank is utilized. | 

Frequently, a crucible is used as a pouring ladle, especially 
when melting is accomplished with a lift-coil induction fur- 
nace. (See figure 4-13.) More often, though, the ladle is a 
steel shell lined with refractory material. Ladle shells are 
available in three sizes—60-, 100-, and 200-pound cast-iron 
capacity. 

Linings have an important bearing on the castings pro- 
duced. If not sufficiently refractory, the lining will melt 
and may cause a slag to form which is difficult to keep out 
of the casting. Also, if the lining does not have sufficient 
dry strength, it may crumble when the ladle is tilted to 
pour the casting. 

Lining thickness depends on the metal to be budia. A 
ladle for pouring steel requires a thicker lining than does 
a ladle for pouring cast iron, bronze, or au nuan How- 
ever, for the ladle sizes used in Navy shipboard foundries, 
a lining thickness of one inch on the bottom, with the sides 
tapered from one inch to three-quarters of an inch at the 
ladle’s top, is satisfactory for all metals. The main purpose 


77 


of the lining is to prevent the molten metal from chilling 
and to keep the ladle shell from overheating. 

Just before the furnace is ready to be tapped, the ladle 
should be thoroughly preheated to a red heat. Either a 
gasoline blow torch or a Hauck burner may be used, for pre- 
heating. In either case, be sure that the ladle is properly 
preheated before tapping the furnace. When the furnace 
is tapped, do not fill the ladle to the brim. A safer practice 
is to fill the ladle to about three-quarters of its capacity. 
When filled to this level, the ladle must be inclined to an 
angle of 60 degrees before molten metal will flow over the lip. 
It is readily apparent that a brimful ladle is hazardous in 
transport while a three-quarter filled ladle is relatively safe. 


TEMPERATURE-MEASUREMENT INSTRUMENTS 


In conjunction with melting equipment, and especially 
tapping temperatures of molten metals, Molders use an in- 
strument to determine the temperature of molten metal. As 
you know, ordinary room temperature is measured with a 
thermometer. When high temperature is involved, an in- 
strument known as a “pyrometer” is employed. On the 
basis of what they do, thermometers and pyrometers are simi- 
lar; but on the basis of how they do it, there is little simi- 
larity. The ordinary thermometer utilizes the expansion 
and contraction of mercury in a glass tube to determine tem- 
perature variations. Because of the higher temperatures in- 
volved, mercury thermometers are impractical for deter- 
mining the temperature of molten metal. 

There are two types of pyrometers: (1) those which meas- 
ure temperature through actual contact, and (2) those which 
measure temperature from a distance. Several kinds of 
pyrometers are available in each group. In Navy foundries, 
the portable immersion pyrometer is a representative of 
group one, and the portable optical pyrometer which employs 
a “disappearing filament” is a representative of group two. 

-IMMERSION PYROMETERS consist of a thermocouple and a 
potentiometer. The thermocouple is the portion inserted in 
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the metal whose temperature is to be measured. Essentially, 
a thermocouple consists of two dissimilar metal wires Joined 
by twisting and welding. These metal wires are insulated 
one from the other except at their hot junction and are en- 
cased in a protective tube. The potentiometer is an indi- 
cating instrument to which wires, led from the thermocouple, 
are attached. The potentiometer, although it measures elec- 
trical energy, is so calibrated that its scale indicates tempera- 
ture in degrees Fahrenheit. 

The principle of a pyrometer which utilizes a thermocouple 
is this: when dissimilar metal wires are joined together at 
both ends, and when heat is applied to one junction (the hot 
junction), an electromotive force or voltage is generated 
in the circuit. When the cold ends of the thermocouple are 
maintained at a constant temperature and are connected to 
a galvanometer (a part of the recording instrument) sensi- 
tive enough to measure in thousandths of a volt, the tempera- 
ture of the hot junction can be determined mathematically. 
The voltage measured by the galvanometer is proportional 
to the difference in temperature between the hot and cold 
ends. This higher mathematics is performed automatically 
by the potentiometer. Although electromotive force is ac- 
tually measured, temperature is read as the instrument is 
calibrated in degrees instead of electrical units. As more 
heat is applied to the thermocouple’s hot junction, a larger 
amount of voltage 1s generated, which in turn causes a higher 
temperature to be recorded on the indicator. 

Although the principle of all immersion pyrometers is 
the same, their designs vary. A sketch of the thermocouple 
portion of a typical immersion pyrometer is shown in figure 
3-9A. Figure 3-9B is a diagram illustrating the pyrom- 
eter’s essential parts. The over-all length and shape of the 
immersion pyrometer in your shop may differ from that 
illustrated but it will be used in the same way. 

Immersion pyrometers are used to measure molten-metal 
temperatures up to, but not over, 2400° F. In general, they 
are suitable for use with nonferrous metals—brass, bronze, 
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copper, aluminum. Because the tips are resistant only to 
molten nonferrous metals, they are unsuitable for use in iron 
and steel. 
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Figure 3—9.—A portable immersion pyrometer (A and B). 


The thermocouple of your immersion pyrometer consists 
of insulated chromel and alumel wires whose hot junction is 
swaged into a drilled, replaceable, rod tip. The dissimilar 
thermocouple wires are led through a protective tube to ter- 
minal connections in the handle. From the terminal, lead 
wires run to the galvanometer of the potentiometer. To use 
the instrument, just immerse about three-fourths of the tip 
in the molten metal for a few seconds. Then read the indi- 
cator on the potentiometer. There are no buttons to push. 
However, be sure that the galvanometer is adjusted to com- 
pensate for the room temperature of the cold junction before 
you read the temperature indicator. Also be certain that the 
tip remains in the molten metal for a sufficient length of time 
to attain the correct temperature; that is, until the galva- 
nometer fails to show any increase in temperature with con- 
tinued immersion. 

OPTICAL PYROMETERS, as well as immersion pyrometers, 
vary in design. In fact, optical pyrometers may employ 
several different principles. The oldest type consists of a 
telescope containing a prism through which a light ray from 
the hot body passes. Turning the prism through an angle 
varies the color or intensity of light. By turning the prism 
until a standard color is obtained, and by. matching this 
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color with a standard color scale im the instrument, tempera- 
ture may then be determined by measuring the angular de- 
gree through which the color scale dial has been turned. 
Since the instrument dial is marked in degrees of tempera- 
ture, rather than angular degrees of revolution, the tempera- 


ture of the hot body is indicated. 
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Figure 3—10.—Portable optical pyrometer. 


Modern optical pyrometers employ a filament as the match- 
ing element. This filament is similar to that contained in an 
electric light bulb, except that its intensity may be increased 
or decreased by increasing or decreasing the electrical energy 
flowing to the filament from a storage battery. By adjusting 
the current so that the filament’s brightness matches the 
molten metal’s intensity, and then measuring the current re- 
quired to obtain that filament brightness, the hot body’s tem- 
perature may be measured. The instrument actually meas- 
ures current value. But, since current is proportional to 
temperature, and since the instrument scale is calibrated in 
degrees of temperature, temperature is read directly from 
the instrument scale. A “disappearing filament” type opti- 
cal pyrometer is illustrated in figure 3-10. 


The unit illustrated in figure 3-10 consists of a telescope 
containing the filament and a case containing four flashlight 
batteries, a galvanometer, adjusting knobs, and a tempera- 
ture scale. To facilitate carrying, a case is provided with 
shoulder straps and a telescope stowage bracket. 

On the end of the telescope, opposite the eyepiece, are two 
adjusting rings. One is used to focus the telescope on the 
hot metal; the other is used to adjust the range of tempera- 
ture measurement—either high or low. The outermost ring 
adjusts the focus, while the inner knurled ring adjusts the 
= temperature range. A grip switch, built into the body of the 
telescope, controls the circuit between the battery and the 
filament. A knurled ring next to the eyepiece focuses the 
eyepiece on the filament. | 

Measuring temperature with the disappearing filament 
(Leeds and Northrup) optical pyrometer is as follows: 


1. Grasp the telescope body, thereby closing the grip 
switch. Then, hold the instrument so that the hot body 
is visible through the telescope tube. 


2. Focus the eyepiece on the filament with the knurled 
ring next to the eyepiece. 

3. Focus the telescope for distance with the knob on the 
end of the tube. 

4. Adjust the telescope’s knurled ring for either high or 
low range. 

5. With the grip switch closed, at all times, the filament 
circuit is energized and the filament glows. Turn the 
large knob clockwise until the filament’s intensity 
matches the brightness of the molten metal being ob- 
served. At the same time that the knob is turned to 
increase the current flowing to the filament, the knob 
“rough adjusts” the temperature scale. 

6. After matching the filament’s intensity with the molten 
metal’s intensity, remove the telescope from your eyes. 
With the grip switch remaining closed, depress the 
small knob on the front of the case and adjust it so that 
the galvanometer pointer is set at zero. The zero set- 
ting is visible through the small window in the name 
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plate. As the small knob adjusts the galvanometer to 
zero, it also moves the temperature scale—visible 
through the large window on the name plate—to the 
exact setting. 
T. Release the grip switch and read the temperature scale. 
Optical pyrometers are not as dependable as immersion 
pyrometers because the former depend to some extent on 
human judgment. As you know, human judgment is not 
infallible. In fact, few people “see things in the same way.” 
Nevertheless, the accuracy of the results obtained with the 
optical pyrometer depends upon the operator’s ability to 
match the filament intensity with that of the molten metal. 
Figure 3-11 will illustrate the point. 





Figure 3—11.—Matching the filament with the hot body. 


Each of the views shown in figure 3-11 illustrates the ap- 
pearance of the filament in relation to the hot body under 
different circumstances. At A the filament is less intense 
than-the metal. The temperature scale with this filament 
adjustment would of course be inaccurate. The same is true 
of C where the filament intensity is greater than that of the 
molten metal. Only when the intensity of the filament and 
the molten metal is matched (B) is it possible to obtain an 
accurate reading. 

A basic factor in measuring temperature with the optical 
pyrometer, then, isa human eye trained to recognize a perfect 
match. That is, a perfect match of color for optical 
pyrometers utilizing the prism principle. and a perfect 
match of intensity for optical pyrometers utilizing the prin- 
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Figure 3—12.—A metal-cutting band saw. 
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ciple of a disappearing filament. In either case, practice 
will lead to the requisite skill. Until you have acquired this 
skill with the optical pyrometer in your shop, have a compe- 
tent operator check your results. 


OTHER SHOP EQUIPMENT 


A modern foundry has available a variety of equipment in 
addition to that designed to produce molds, cores, and molten 
metals for pouring castings. Most of this additional equip- 
ment is designed to clean castings; that is, to remove gates 
and risers, surface defects, or the scale and dirt that usually 
adheres to the casting after it is shaken from the mold. The 
equipment for accomplishing these cleaning operations in- 
cludes sprue cutters (metal-cutting band saw), pneumatic 
chipping guns, portable and stationary grinders, sandblast 
cabinets, and such accessories as vises and hand tools. As 
pointed out earlier in this chapter, all foundries in which 
you work may not have all of this equipment. But as you 
move from one duty station to another, yowll no doubt have 
numerous opportunities to work with many of these 
machines. 

After a casting 1s removed from the mold and has cooled 
to approximately room temperature, the gates and risers are 
cut off. The cutting-off operation may be accomplished in 
various ways. ‘The usual method, though, is to use a METAL- 
CUTTING BAND SAW. This is especially true when the casting 
is made from brass, bronze, or aluminum. When the casting 
is made from iron or steel, an oxyacetylene cutting torch is 
frequently utilized. But here, too, the metal-cutting band 
saw isa useful machine tool. Salvaged gates and risers are 
saved for future use. 

Although there are many types of metal-cutting band 
saws, the one illustrated in figure 3-12 is typical of those 
available in Navy foundries. This machine is easily ad- 
justed and operated. Since the rate of saw-blade travel and 
feed pressure is variable, the tool is adaptable for a wide 
variety of metal-cutting applications. By using the work- 
table vise, short pieces may be cut with a maximum of safety. 
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All castings produced in sand molds are covered with 
a more or less hard-to-remove layer of sand. Before the 
casting leaves the foundry, this layer of sand, as well as the 
gates and risers, must be removed. Many methods have been 
devised for this purpose. Wire brushes, both hand- and 
power-driven, are common in all foundries. However, many 
Navy foundries also have blasting cabinets. 

BLASTING CABINETS used in the Navy utilize either a sharp 
silica sand or an angular, steel-grit material as the abrasive 
agent. This abrasive material is introduced into a high- 
pressure air stream which, in turn, is played over the casting. 
As the abrasive particles strike the casting at a high velocity, 
they cause the layer of sand adhering to the casting to flake 
off. Since this entire operation is performed inside an air- 
tight cabinet, the operator is not exposed to silica dust. 

The essential parts of the blasting outfit are a mixing 
chamber for the sand and air, a hose and nozzle for directing 
the stream of abrasive on the work, some means for recover- 
ing and returning the abrasive to the mixing chamber, and 
a dust-collecting system. 

The cabinet shown in figure 3-13 is built of sheet steel. 
Located in one side of the cabinet is an access door for plac- 
ing and removing castings. In the front of the cabinet there 
are two openings to which are attached rubber sleeves and 
gloves. Through these openings and sleeves the operator 
inserts his hands to manipulate the nozzle and the casting 
during the sand-blasting procedure. The entire operation 
is observed through the glass window above the hand open- 
ing. Either a foot pedal or a knee-operated lever is pro- 
vided to control the blast of air and abrasive. 

By confining the blasting operation to the interior of the 
cabinet, the scattering of sand and dust in all directions is 
avoided. This feature is especially important from the 
standpoint of health. By eliminating sand-blasting dust, 
a respiratory disease known as “silicosis” may more easily 
be avoided. 

PEDESTAL GRINDERS and portable grinders are also valuable 
tools for cleaning castings. One use for these tools is to 
remove parting line fins from rough castings. Another use 
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Figure 3—13.—Sand-blasting cabinet. 
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is to remove those portions of the gates and risers that re- 
main after their bulk has been cut from the body of the 
casting with a metal saw or sprue cutter. Although the 
grinding operation is not difficult to perform, the results 
obtained depend upon the kind of abrasive wheel used and 
the speed at which the wheel revolves. For grinding brass. 
bronze, and cast iron, a silicon-carbide wheel is used; for 
steel, an aluminum-oxide wheel is usually more satisfactory. 

The wheels on all grinders are removable. Usually a 
pedestal grinder has a coarse wheel mounted on one shaft and 
a fine wheel on the other shaft. When a considerable quan- 
tity of metal is to be removed, it is more practical to work 
with the coarse or medium wheel first and then finish up on 
the fine wheel. 

It is a good idea to check the grinder carefully before using 
it. Be sure that the wheels are secured firmly on the shaft 
by the flange nuts; that the wheel guards, eyeshields, and 
work rests are tight and in proper position; and that the 
wheels are properly dressed with a wheel dresser. And last, 
but not least, wear safety goggles. 

PNEUMATIC CHIPPING GUNS are not only employed to re- 
move fins, gates, and risers in cleaning operations, but they 
are also used to chip out defects. Such defects are in the 
form of hairline cracks or deformed areas. After these de- 
fects are removed, the casting is repaired, if practicable, by 
some suitable means. 

Although there is not a great deal to the operation of a 
pneumatic tool itself, considerable skill is necessary to obtain 
good results. The hammer must be held firmly and the 
chisel must be guided expertly at the proper cutting angle. 
Actually the operation is little different from that followed 
when metal is chipped with a hand chisel and a ball-peen 
hammer. With a pneumatic hammer, air power is merely 
substituted for muscle power. 

Since the moving parts of pneumatic tools are closely 
fitted, proper lubrication is most important. If lubrication 
is neglected, rapid tool part wear will result. Don’t use a 
heavy oil; it “gums up” working parts. Gumming, which 
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results in sluegish operations, sometimes occurs even though 
the proper lubricant is used. I£ this occurs, clean the tool 
with gasoline or benzine. Then, blow out the tool with com- 
pressed air and lubricate it with a light oil. 

When the tool is in constant use, disconnect the air hose 
every hour or so and squirt some light oil in the air-hose con- 
nection. This periodic lubrication is essential since the com- 
pressed air operating the gun’s piston has a tendency to 
drive the lubricant out through the exhaust port. 

The casting upon which chipping is to be performed must 
be in a fixed. position. No special device for this purpose 
is necessary on large heavy pieces. Small castings should, 
however, be secured in a vise to prevent slipping. And, 
whether the work piece is large or small, the operator should 
wear gloves and goggles for his own protection. 

Lirtine DEVICES such as chain falls and electric- or air- 
driven hoists are indispensable in a foundry. An overhead 
track makes it possible not only to lift an object, but also to 
move it to another location. Through their use an otherwise 
difficult or impossible task is made easy. For example, the 
job of closing the large mold shown in figure 3-14 eliminated 
a lot of manual straining. 


SAFETY FOR YOURSELF AND YOUR EQUIPMENT 


Although the kind and capacity of available equipment is 
important, it is more important that you, as striker or Molder 
third class, know how to operate the equipment that is avail- 
able. Further, it is important that you learn to use what 
you have to the best advantage. Now, this isn’t the sort of 
thing you can learn from a book—although a book may help. 
It’s practical experience that counts. To get this experi- 
ence, you’ve got to “do”; not just read or watch. At first, 
you'll need help and instructions. Go to the leading shop 
PO; he’ll be glad to give you any help needed. In addi- 
tion to being a Goop equipment operator, you need to be a 
SAFE equipment operator; not only for your own well-being, 
but also for the welfare of your shipmates. Safety rules— 
and sometimes operating instructions—are posted in all 
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shops and working spaces. Do more than just “read the 
rules”; carry them out to the letter. 

Along with personal safety, bear in mind that you are 
responsible for the safety of the equipment you operate. At 
first glance this may sound a bit strange. However, just as 
man’s back can be overloaded, so can a hoist or a furnace. 
Everything has a capacity. Know the capacity of your 
equipment and operate it within its designed limits. 

Further, lubricate aLL equipment regularly. Lubricating 
charts are furnished for each machine tool. Use these 





Figure 3—14.—WUsing a chain fall to close a mold. 
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charts as a guide for lubrication. By so doing, not only is 
the life of your equipment prolonged, but also it will func- 
tion more efficiently. 

When you have finished using a tool, stow it away in its 
proper place. When you have no further need for a ma- 
chine, be sure that it is properly secured. In a Navy foun- 
dry, there's a place for everything. Keep everything in its 
proper place. Be a good housekeeper. And above all, be 
a safe workman. 

QUIZ 


. Name four basic types of equipment furnished to Navy foundries. 

. What is meant by the term “mulling”? 

. Why should an instrument rather than a “squeeze and guess” 
method be used to determine the moisture content of molding 
sand? 

4. Why are only those flask sizes considered absolutely essential 
furnished to Navy foundries? 

5. What kind of flasks are always made in sets? 

6. After running a heat in a cupola, what precaution must he ob- 
served before removing the prop and permitting the bottom doors 
to drop open? 

T. Why are oil-fired furnaces unsatisfactory for melting steel? 

8. What kind of crucibles are used in oil-fired tilting-crucible 
furnaces? 

9. Name and define the three furnace atmospheres obtainable with 
an oil-fired furnace. 

10. What characterizes a slightly oxidizing flame? 

11. Why is a slightly oxidizing furnace atmosphere important while 

the metal is molten? 

12. Other than an indication of size, for what purpose may the cru- 

cible’s size number he used” 7 

13. To what temperature should a crucible be heated before it is 

placed in service? Why? 

14. Why should crucibles be cooled slowly after use? 

15. What is the purpose of the ladle lining? 

16. What devices are used to determine the temperature of molten 

metal? 

17. Upon what does the accuracy of results obtained with an optical 

pyrometer depend? 

18. For what purpose in the foundry is the metal-cutting band saw 

used? 

19. What respiratory disease may result from breathing dust scat- 

tered due to the improper use of sand-blasting cabinets? 

20. What should you do before operating a grinder? 
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CHAPTER 4 


ELECTRIC FURNACES 
NAVY TYPES 


+ Many satisfactory general purpose castings are produced 

with the cupola and oil-fired furnace. For some special ap- 
plications, though, these melting units are not satisfactory 
because they lack adequate temperature control, or do not 
lend themselves well to the incorporation of certain alloying 
elements. A demand by industry and government for uni- 
form, high-quality castings having a special composition, 
brought about the development of melting methods in which 
a high degree of temperature and casting composition con- 
trol is possible. Melting units lending themselves to ade- 
quate control are modern electric furnaces. 

Electric furnaces are manufactured in a wide range of 
sizes. Those used in the Navy, though, are in the 350 to 650 
pounds per batch capacity range. However, whether the 
furnace capacity is large or small, within a particular group, 
design features, as well as the principles of operation, are 
thesame. Some differences in lining-renewal techniques may 
be evident, since large furnaces naturally require a greater 
amount of insulating and refractory material than do smaller 
furnaces. But even here, the principle applicable to one 
furnace size also applies to another. 

Three types of electric furnaces are currently used in 
Navy shipboard and advanced base foundries. They are 
rocking indirect-are electric furnaces, rocking electric-resis- 
tor furnaces type NR-2, and the 175 kw. coreless-induction 
furnaces. Of these, the first two are usually found aboard 
repair ships and tenders. The latter is frequently available 
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at advanced bases. With these furnaces, Navy Molders have 
at their disposal equipment capable of melting all common 
commercial alloys. And, further, they have the means to 
produce metal for castings equal in quality to any produced 
elsewhere in the world. 


ROCKING INDIRECT-ARC ELECTRIC FURNACE 


The indirect-arc rocking furnace is used to melt all types 
of metals. During operation this furnace makes a distinc- 
tive crackling sound. This sound is caused by an electric 
current jumping the gap between the ends of two carbon 
electrodes. It’s the kind of sound that might be emitted by 
a giant electric-welding arc. This characteristic crackling 
and snapping readily distinguishes an operating indirect-arc 
furnace from another electric furnace having a similar ap- 
pearance; namely, the electric-resistor furnace. 

The indirect-are rocking furnace shown in figure 4-1 is 
typical of those used by the Navy. Either of two sizes (or 
both), the LFC 350-pound capacity furnace or the LFY 
500-pound furnace, may be installed in your shop. Essen- 
tially, an indirect-arc rocking furnace consists of a steel 
barrel mounted horizontally on a supporting structure, a 
mechanism for rocking the barrel, electrode brackets, an 
electrode regulating and power panel, various electrical con- 
trol instruments, a transformer, and a generator. Study 
figure 4-1 carefully. It will reveal the exterior appearance 
of the furnace. Pay particular attention to the labels. 
They’ll show you the location of the various furnace parts, 
including the charging door, pouring spout, and the rocking 
mechanism controls. 

The furnace SUPPORTING STRUCTURE has several distinct 
parts: the bed plates, the left and right base uprights, and 
the flanged rollers. The bed plates, or lower portions of the 
supporting structure, are fabricated from steel plate and 
standard structural shapes. Both uprights, however, are 
steel castings. These latter portions contain flanged steel 
rollers which are a part of the furnace rocking mechanism. 
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Figure 4—1.—An indirect-arc rocking furnace. 


On its upper surface, each upright has two FLANGED ROLL- 
ERS: One is mounted near the front, the other is mounted 
near the rear. In the left upright, both rollers are idlers; 
that is, they are free to revolve in either direction. The 
right upright’s front roller is also an idler, but the rear 
roller is a driver rather than an idler. Although the driv- 
ing roller is identical to the others in size and shape, it plays 
a different role in the furnace rocking mechanism. 

The axle for the drive roller extends beyond the upright 
on the outboard side. Attached to this extended axle por- 
tion is the worm wheel of a worm GEAR which transmits 
energy from an electric drive motor to the furnace barrel. 
The manner in which this arrangement rocks the furnace 
will become evident when we have further discussed other 
furnace elements. 

As has been previously noted, the cylindrical furnace 
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barrel is mounted horizontally on the supporting structure. 
Now, that doesn’t mean that the barrel itself rests on the 
base uprights. Actually, a vertically mounted wheel-like 
steel rim (RING TRACK), attached to each end of the barrel, 
rests on the right and left uprights’ flanged rollers. The 
weight of the barrel, its fittings, and its contents, of course, 
are transmitted to the supporting structure through the ring 
tracks. The barrel’s exterior, then, is much like a cylinder 
to which a pair of wheels has been permanently attached. 

The FURNACE INTERIOR has a double lining. Next to the 
metal shell is a layer of insulating brick having a thickness 
of 214 inches. Superimposed on this layer is an inner lin- 
ing consisting of refractory brick about 4 inches thick. The 
insulating and refractory materials making up the lining 
are in the form of specially designed shapes which fit into 
the furnace shell at particular locations. The exact lo- 
cation of each refractory and insulating lining part is in- 
dicated on the lining assembly plans included in the in- 
struction booklet supplied with the furnace installed in your 
shop. Check the instruction book for lining details and use 
them as your guide when you replace a furnace lining. At 
this point, however, it is well to remember that the proper 
maintenance of furnace linings is one of your more im- 
portant responsibilities. 

Referring again to figure 4-1, notice the two ELECTRODE 
BRACKETS extending outward from the center of the furnace 
sidewall. One is the manual electrode bracket, the other is 
the automatic electrode bracket. These devices hold the car- 
bon electrodes in proper position, as well as provide a means 
for moving the electrodes in or out of the furnace. Each 
bracket is also provided with electrical connections through 
which current, led in by cables from the electrode regulator 
panel, passes to the electrodes. The brackets also have a 
water connection for circulating cooling water through the 
electrode clamps. 

The manual electrode bracket holds one electrode in a 
fixed position during furnace operation, while the auto- 
matic bracket provides in-and-out movement to the other 
electrode. The electrode in the manual bracket is adjust- 
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able, but its position is altered only when the power circuit 
to the furnace is open. (An open circuit is one through 
which the current does not pass.) On the other hand, the 
electrode in the automatic bracket is adjusted continuously 
during furnace operation. Adjustments to the electrode in 
the automatic bracket are made by an electric motor; whereas, 
adjustments made to the electrode in the manual bracket are 
accomplished by hand. 

All adjustments to the movable electr ode c can be made auto- 
matically, but adjustments may also be made manually. A 
balance handle on the automatie bracket is used to change 
the action of the adjusting motor from automatic operation 
to manual operation. When the balance handle is pushed in, 
the motor is connected for automatic electrode adjustment. 
When the handle is pulled out, the motor is connected for 
manual adjustment. Usually, manual adjustment is em- 
ployed when the electrode is run out at the end of a heat, or 
when it is run in to strike the arc. The reason for utilizing 
manual operation is this: Electrode movement is more rapid 
when adjusted manually and is, therefore, less time consum- 
ing. However, automatic adjustment is always used after 
the arc has been struck and the furnace is operating. 

ELECTRODES for indirect-arc rocking furnaces are made 
from graphite. They are 40 inches long and either 3 or 4 
inches in diameter. Electrodes 3 inches in diameter are used 
in type LFC furnaces, while electrodes 4 inches in diameter 
are used in type LFY furnaces. 


p= i) df 





Figure 4—2.—Electrode and nipple for the indirect-arc furnace. 


Electrodes are so constructed that individual lengths can 
be easily jomed. Each end of the electrode is bored and 
threaded with straight flat-top female threads into which a 
similarly threaded nipple may be inserted. When a suit- 
able nipple (see figure 4-2) is screwed into one end of an 
electrode, another electrode section may be attached. 
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Joining electrode sections requires the use of electrode 
tongs to insure firm contact. However, when using tongs, 
excessive force must be avoided or the electrode will break. 
Caution must also be exercised when the electrode is secured 
in the electrode clamp. True, a firm contact between the 
clamp and the electrode is essential, but the use of a wrench 
is not necessary to provide that contact. In fact, stripped 
clamp-screw threads may result if a wrench is used. Here is 
another important point: Avoid gripping the joint area of 
two electrode lengths in the clamp. If this is done, the re- 
sult may be a reduced area of electrical contact or a broken 


nipple. 
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Indirect-Arc Furnace Control Stations 


Controls for operating the indirect-are furnace are located 
at three principal stations: the electrode regulating and 
power panel, the reactance control on the furnace trans- 
former, and the variable rocking-control panel. The first of 
these stations is located near, but apart from, the furnace. 
It has two main functions: (1) controlling the current pass- 
ing through the electrodes; and (2) controlling the move- 
ments of the electrode adjusting motor. The second regu- 
lating device, the reactance control, is located on the furnace 
transformer. Its function, insofar as you are concerned, is 
to produce a clear, snappy are. The third control panel is 
located on the right front upright of the furnace supporting 
structure. It is concerned only with controlling furnace 
rocking movements. Successful furnace operations, of 
course, depend upon coordinated adjustment of the several 
controls. However, for the sake of clarity, each control sta- 
tion is discussed separately. 

The ELECTRODE REGULATING AND POWER PANEL is illustrated 
in figure 4-3. The location of each control on this panel is 
indicated by the labels. Study the illustration and familiar- 
ize yourself with the location of the various parts; especially 
the knife switch, rheostat, and electrode motor controls. 

The function of the KNIFE swiTcH is to isolate the panel 
from the source of power, or to permit current to pass from 
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Figure 4—3.—Electrode regulating and power panel. 


the source of power to the panel. When the knife switch 
is open, the board is “dead.” When it is closed (assuming 
that the generator is operating), the panel is energized. An 
energized panel is indicated by a cLow Lamp. This lamp, 
located on the upper portion of the panel, is illuminated 
only when electrical energy is available at the panel. 

The amount of current passing through the carbon elec- 
trodes, and thus the amount of heat developed in the furnace, 
is controlled by setting the LoaD-aDJUSTING RHEOSTAT. By 
adjusting the rheostat knob, a predetermined current value 
may be selected. This current value, measured in kilowatts 
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(kws.), is shown on the indicating kw. meter mounted on the 
meter panel. Another meter, measuring kilowatt-hours, or 
the average number of kilowatts used per hour, is also lo- 
cated on the panel. For information pertaining to elec- 
tricity and electric meters in general, or kw. meters in par- 
ticular, see Basic Electricity, NavPers 10622; especially, 
Chapter 18, “Electrical Meters.” 

Take another look at figure 4-3. Notice the buttons ar- 
ranged in a vertical column. These push-buttons are the 
ELECTRODE MOTOR CONTROLS. They control the movements 
of the electrode regulating motor mounted on the automatic 
electrode bracket. From the regulating panel push-button 
station, the movable electrode may be moved in or out, either 
manually or automatically, by depressing the proper push- 
button. Usually, manual adjustments are used only when 
striking the arc. After striking the arc, electrode adjust- 
ments are made automatically. While on automatic, the 
speed of electrode adjustment is slower, but the action is 
positive. . 

When the electrode regulating motor 1s connected for auto- 
matic operation, the functions of the electrode regulating 
and power panel are interdependent. The purpose of the 
entire panel is to establish and maintain within the furnace 
a predetermined heat or current value. Several factors con- 
tribute to maintaining this heat or current value in the fur- 
nace. Among the more important, though, is the gap be- 
tween the ends of the electrodes. As stated previously, the ` 
load-adjusting rheostat is set to the predetermined value. 
To maintain this current value however, the electrode must 
be constantly adjusted to provide the proper arc gap between 
the two electrodes. Why? Because part of the electrode 
burns away during the heating procedure. The proper arc 
gap, and thus the proper current value, is maintained by the 
action of the electrode regulating motor. Whenever the 
current value passing through the electrodes varies from 
that which has been selected and set on the rheostat, the 
electrode motor is caused to move the adjustable electrode 
in or out as necessary. 
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À REGULATOR RELAY, mounted on the control panel, is the 
device that controls che direction of the electrode adjusting 
motor. This relay is actuated by electric current flowing 
from the transformer to the electrodes. Whenever the cur- 
rent value flowing from the transformer to the electrodes is 
below or above the predetermined value set on the rheostat, 
the relay regulator is affected and functions to change the 
operation of the electrode motor. 

When there is a change in current value to the electrodes, 
the main winding of the regulator relay causes a torque 
motor to rotate against the retarding action of a torsion 
spring. The rotation of the torque motor operates contac- 
tors which cause the electrode motor to turn in the proper 
direction. Complicated? Sure. For that reason, these 
facts pertaining to the relay’s operation are given only to 
satisfy your curiosity. You need remember only that the 
regulator relay is the device that controls the electrode ad- 
justing motor when this motor is operating automatically. 

Additional relays are shown on the face of the control 
panel. These also are important to the operation of the 
furnace. But, insofar as you are concerned, their functions 
are automatic. You won’t make any adjustments to them. 
When they require adjusting, an electrician should be called. 

The REACTANCE CONTROL located on the furnace transformer 
serves to stabilize the arc. A TRANSFORMER, aS you may 
know, is a device for transferring electrical energy from one 
alternating-current circuit to another without a change in 
frequency. Figure 44 illustrates the transformer used 
with the indirect-are rocking furnace. This transformer is 
designed to “step-down” the 440-volt current delivered by 
the generator to 100 volts. 

Another feature of this transformer is the provision made 
for varying the reactance (the total resistance in the cir- 
cuit). Reactance is altered by turning the handwheel se- 
cured to a shaft in the top cover (see figure 44). To 
increase the reactance, turn the handwheel in a clockwise di- 
rection; to decrease reactance, turn the handwheel counter- 
clockwise. A pointer and scale on the front or low voltage 
side of the case indicate the approximate reactance. 


100 


REACTANCE 
CONTROL 
HANDWHEEL 


WINDING 
TEMPERATURE 
GAGE 


PERCENT 
-REACTANCE 
SCALE 


“LOW VOLTAGE ~~ 


OUTLET 


EEN 





Courtesy of General Electric Company 


Figure 4—4.—The transformer and reactance control. 


Exact reactor settings cannot be specified, since all electri- 
cal circuits vary one from the other. However, several hints 
may prove useful. If, during furnace operation, the arc is 
sluggish and “smoky,” it can be made clean and snappy by 
decreasing reactance. On the other hand, if the arc is wild 
and unstable, it can be made steady by increasing reactance. 
Generally speaking, minimum reactance settings will pro- 
vide the most suitable results. Increase or decrease reac- 
tance no more than is necessary to produce a clean, snappy 
arc that is stable at the proper power output. 

The VARIABLE ROCKING-CONTROL STATION provides for man- 
ual and automatic control of the furnace rocking mechanism. 
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In addition, it provides push-button control for tilting the 
furnace barrel when the “heat” is ready to pour. Manipula- 
tion of the rocking controls is a bit more complex than the 
controls previously described. However, mastering the 
rocking-control procedure is no more difficult than setting 
the load-adjusting rheostat, if you follow the proper se- 
quence. Two things may help you master this sequence: 
(1) a knowledge of the controller’s basic functions; and 
(2) a knowledge of proper sequence. 

Rocking-control devices may be subdivided into four 
groups: (1) devices for energizing the circuit; (2) devices 
for manual operations; (3) devices for semiautomatic and 
automatic operations; and (4) devices for automatically in- 
creasing the degree of rocking angle at a variable but con- 
stant rate. 

With the exception of the first group, all devices for con- 
trolling furnace rocking are located on the variable rocking- 
control panel. Before the panel controls can function, how- 
ever, the rocking-motor circuit must be energized. To place 
the electrical circuit in an energized condition, certain 
switches other than those located on the panel must be 
closed. This first group of controls consists of the rocking- 
motor power switch (usually located on a convenient bulk- 
head), the emergency switch (located in the contactor box 
mounted near the power switch), and the no-voltage-control 
push button (located on the variable rocking controller, but 
not visible in figure 4-5). These three devices in the first 
control group serve only to place the rocking circuit in con- 
dition for operation. 

The principal station for furnace rocking control is shown 
in figure 4-5. On the panel you'll notice the several controls 
which make up the remaining control group. Group two 
consists of the forward and reverse buttons of the portable 
push-button station. Group three consists of the rocking- 
center knob, the constant rocking-period knob, and the auto- 
matic-rock switch. Group four consists of all controls 
included in group three, plus the selector handle and the 
selector notches. From the above, it is apparent that as 
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Figure 4—5.—The variable rocking-control panel. 


rocking control progresses from manual to fully automatic 
operation, more and more controls are utilized. 

Before going into the procedure for operating the furnace 
rocking mechanism controls, a description of the several 
component parts may help you gain an understanding of the 
variable rocking controller. After the description we will 
_ present the step-by-step procedure for rocking the furnace. 
However, before you try to operate the rocking mechanism 
on your own, have someone in the shop show you how it’s 
done. 

The PORTABLE PUSH-BUTTON CONTROL (control group two), 
as its name implies, can be removed from its resting place on 
the variable controller panel. That doesn’t mean you can 
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carry it topside. It’s not that portable. However. it is 
sufficiently portable to permit the operator to move to an 
advantageous position so that he can observe the furnace 
spout during the pouring operation. 

Assuming that the rocking circuit is energized, and that 
all other controls on the variable rocking controller are in- 
operative, the furnace may be moved in a forward or reverse 
direction by holding in the proper push button. The top 
button—marked ForwarD—is depressed to rotate the barrel 
in a forward direction. The lower button—marked RE- 
VERSE—is depressed to rotate the barrel in the opposite 
direction. Movement in either direction will occur only 
while one of these control buttons is held in. As soon as 
pressure on the button is released, rotation will cease because 
a magnetic brake on the rocking motor prevents coasting. If 
both buttons are depressed at the same time, however, the 
furnace shell will not move. 

With the portable push-button controller, the furnace shell 
can be rotated through an arc of 270 degrees. Further, the 
shell may be “inched” forward by depressing the Forw.ARD 
button momentarily. Finally, the only way the shell can be 
inverted (charging door on the bottom) for draining is to 
rotate the barrel forward with the push-button controls. To 
accomplish these three functions the automatic-rock switch 
must be in the oFF position. 

As previously outlined, control group three consists of the 
automatic-rock switch, the rocking-center knob, and the con- 
stant rocking-period knob. The AUTOMATIC-ROCK SWITCH is 
similar to a domestic light switch and serves only to open or 
close the automatic-rocking circuit. When this switch is 
oFF, the shell can be rotated only from the portable push- 
button station. When the automatic-rock switch is on 
(again we are assuming that the rocking-motor circuit is 
energized) the shell will rock back and forth indefinitely. 
While so rocking, the direction of oscillation at any given 
instant may be changed, if so desired, by depressing the ap- 
propriate button on the portable push-button control. 

The function of the ROCKING CENTER is to synchronize the 
variable controller panel with the furnace shell and thus 
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establish a center or point about which the shell will oscillate. 
To make this controlling adjustment, hold the rocking-cen- 
ter knob down while turning it. Then match up the rocking- 
center pointer with the index mark on the controller housing 
(see figure 4-5). 

If the rocking-center knob is adjusted when the pouring 
spout is pointing straight up, the shell, when the automatic- 
rock switch is on, will rock through an arch having an equal 
number of degrees on each side of the spout’s original start- 
ing position. The number of degrees the shell will rock on 
each side of the established center depends on either the limit 
Switches, or on the setting of the range pointer (see figure 
4-5). Do not depress the rocking-center knob while the 
furnace is rocking. If you do, a new center of rock will be 
established. 

Although the combined LIMIT and OVERTRAVEL SWITCHES 
are not opened and closed by the furnace operator, they are 
a most important part of the furnace rocking-control system. 
These switches are mounted on the furnace base and are 
controlled automatically by a cam attached to the ring 
track. 

Limit and overtravel switches provide safe limits within 
which the shell may rock without spilling molten metal. 
When the furnace is automatically oscillating at “full normal 
rock,” the limit switch reverses the direction of shell rota- 
tion when the cam hits the limit switch lever. In the event 
that the limit switch fails, the shell will continue to rotate in 
the same direction until a second position of the cam moves 
the limit switch lever down a little farther. When this oc- 
curs, rocking will cease because the lever actuates an over- 
travel switch which automatically opens a safety contactor 
in the rocking-motor circuit, completely de-energizing the 
circuit. 

If the overtravel switch is actuated by the ring track cam 
while the rocking controls are set on automatic, the furnace 
cannot be further rotated because the electrical circuit is 
inoperative. To re-energize the circuit and rock the fur- 
nace automatically again: (1) place the automatic rock 
switch at orr, and (2) momentarily depress the no-voltage- 
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protection button. ‘Then (3) depress the appropriate button 
on the portable push-button controller and rotate the barrel 
so that the pouring spout is in a position within the normal 
rocking range. Returning the automatic-rock switch to 
oN will again rock the furnace automatically. 

By adjusting the CONSTANT ROCKING-PERIOD KNOB, a pre- 
determined degree of rock may be established. For ex- 
ample, if the knob is turned so that the range pointer is at 
any figure on the range dial, other than orf (say 20), and 
the automatic-rock switch is on, the furnace will rock in- 
definitely through a range of 20 degrees. The rocking 
range may be increased by turning the knob farther to the 
right. (To turn this knob, however, the selector handle 
must be orr. When the selector handle is in a notch other 
than orf, the constant rocking period is not free to turn 
unless the knob is pushed in.) When the range pointer in- 
dicates full rock, the limit switches previously described 
control the number of degrees through which the furnace 
rocks. 

The controller panel is so designed that the angle of rock 
may be varied automatically (control group four) at a con- 
stant rate by using the constant rocking-period knob in con- 
junction with the SELECTOR HANDLE. By setting the selector 
handle in one of the selector notches, the furnace rocking 
angle may be increased automatically at constant speed. To 
change the selector-handle setting, the constant rocking- 
period knob must be held down. 

You may recall that the furnace shell will rock through 
a given range so long as the range pointer is in the same 
location and the automatic-rock switch is on. You may 
also recall that the angle of rock may be increased by man- 
ually adjusting the constant rocking-period knob so that 
the range pointer is moved farther to the right. Now, the 
angular degree of rocking may be increased automatically 
at a given speed by setting the selector handle in one of the 
numbered notches (see figure 4-5). In other words, with 
the range pointer of the constant rocking-period knob at 
“90,” the selector handle in one of the notches, and the 
automatic-rock switch at on, the furnace will automati- 


106 





cally increase its angular degree of rocking from 20 degrees 
to “normal full rock” at a constant rate of increase. If 
the selector handle is set at notch “6,” the speed of increase 
in rocking angle is slow; when it is set at “1,” the speed 
of increase is fast. The intermediate notches provide a rate 
of rocking range increase between slow and fast. When 
rocking the furnace through the use of the constant rocking- 
period knob and the selector handle, the furnace is being 
rocked with “automatic increase controls.” 

By properly manipulating the constant rocking-period 
knob, the functioning of “automatic increase,” as controlled 
by the selector handle, may be delayed for a definite but 
variable period. Take another look at figure 4-5. Note 
particularly the “windows” in the constant rocking-period 
knob, and the numerals above the windows on the face of the 
knob (3, 2, and 1 above the left window; 4, 5, and 6 above 
the right window). These numerals represent similar num- 
bers on the selector notches. Now, looking through the win- 
dows, notice the dial underneath the constant rocking-period 
knob. On the dial’s face is stamped a series of numbers 
and the words “automatic increase.” ‘The numbers on the 
dial represent time in minutes; the words indicate that the 
variable rocking controller is functioning to increase the 
shell rocking angle automatically. 

At all times, either numbers or the words “automatic in- - 
crease” are visible through the windows. Whether words 
or numbers are visible depends on the adjustment of the 
constant rocking-period knob. When the words “automatic 
increase” are visible, and the selector handle is in one of 
the numbered notches, automatic increase of furnace rocking 
angle begins immediately. On the other hand, when num- 
bers are visible through the windows, automatic increase 
of the rocking angle is delayed for a definite time. The 
amount of delay, of course, depends on the adjustment of 
the constant rocking-period knob and the setting of the 
selector handle. 

For example, suppose a 15-minute period of constant rock- 
ing at a 20-degree angle of rock is desired before an auto- 
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matic increase in rocking angle begins. The first adjust- 
ment is to set the range pointer at “20.” (This setting was 
described in a preceding paragraph.) Then, hold in the 
constant rocking-period knob and set the selector handle in 
one of the notches—“4” will do. While holding the con- 
stant rocking-period knob in, rotate it until the number 15 
appears in the window under the number representing rotch 
“4.” Assuming that other adjustments—energizing the 
rocking-motor circuit, establishing the rocking center, and 
placing the automatic-rock switch at on—have been made, 
the furnace will rock constantly at a 20-degree angle of 
rock for 15 minutes. After that period of time has elapsed. 
the words “automatic increase” appear in the window and 
the rocking angle will then increase progressively from 20 
degrees to full normal rock. 

Now notice the table on the variable controller name plate. 
This table lists the time in minutes to reach full normal 
rock from various starting conditions. The numbers in the 
left-hand column represent the selector notches. The upper 
horizontal row shows various starting positions. The num- 
bers 20, 40, and 60 represent the range-pomter setting. The 
remaining vertical columns indicate the approximate time 
required for the furnace to reach normal full rock from 
various starting conditions and selector-handle settings. 
This time does not include any delay that may have been 
provided. Neither is the reading accurate. It is merely 
an approximation of time that will elapse between the ap- 
pearance of “automatic increase” in the window and full 
normal rocking. | 

From the foregoing, it is apparent that the furnace shell 
-may be moved in any one of three ways: (1) with the auto- 
matic-rock switch orr, the furnace may be moved forward 
or reversed by operating the portable push-button control: 
(2) with the automatic-rock switch on, and the constant 
rocking-period knob adjusted so that the range pointer points 
to a number on the range dial, the shell may be rocked 
indefinitely through any given range; and (3) the shell may 
be rocked from a given starting position through a variable 
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but constantly inereasing angular degree of rock to normal 
full rock by setting the automatic inerease controls. 

An inexperienced operator should first learn to operate the 
rocking mechanism with a cold, empty furnace. In other 
words, all furnace electrical circuits, except the rocking- 
motor power circuit, should be open. Further, a novice at 
electric-furnace operations should receive personal instruc- 
tion from an experienced operator. By way of review, and 
also as an effort to clarify the operation of the variable 
rocking-control station, a brief step-by-step procedure is out- 
lined below. 

With all electrical circuits open, and all furnace rocking 
controls off, the procedure for setting the rocking mechanism 
in motion is as follows: 

1. Energize the rocking-motor circuit. To accomplish 
this, close the rocking-motor power switch, place the 
emergency switch in the on position, and momentarily 
depress the no-voltage-protection push-button. 

2. From the portable push-button station, rotate the shell 
so that the spout is in a suitable position. (Either 
pointing straight up, or at 45 degrees forward of the 
vertical position.) 

3. Set the rocking-center pointer on the index mark. 

4. With the words “automatic increase” appearing through 
the window, adjust the range pointer of the constant 
rocking-period knob to the desired beginning angle of 
rock—usually “20.” 

5. Set the selector handle in one of the selector notches. 
If a delay in automatic increase is desired, that delay is 
set at this time. 

6. Place the automatic-rock switch in the on position. 
The furnace will oscillate back and forth and will 
finally reach normal full rock after the cycle set for on 
the variable rocking controller has run its course. 

After the shell has oscillated at normal full rock for a 
suitable time, the pouring spout is brought into pouring 
position in the following manner: (1) Place the automatic- 
rock switch at orff; and (2) with the forward button on 
the portable push-button station, inch the shell into pour- 
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ing position. Use the reverse button to elevate the pouring 
spout and, thus, stop the flow of molten metal; or, to return 
the spout within the normal rocking range. To again re- 
sume automatic rocking, turn the automatic rock switch on. 
As you no doubt remember, the portable push-button sta- 
tion is operative while the furnace is rocking automatically. 
And, if so desired, it may be used to reverse the direction of 
rocking, at a given instant by momentarily depressing the 
appropriate push button. However, the portable push but- 
ton cannot be used to rotate the shell into the pouring range 
while the automatic-rock switch is on. If the forward or 
reverse push button is held down during automatic rocking 
for a long enough time, the shell cam will cause the over- 
travel switch to open (de-energize) the electrical circuit. 
Therefore, the automatic-rock switch must be off before at- 
tempting to rotate the shell into the pouring range. 


Operating the Furnace 


Successful operation of the rocking indirect-are furnace 
depends largely on the coordinated adjustment of all control 
stations. However, satisfactory results depend upon other 
factors as well. For example, adequate furnace preheating, 
proper charging, and maintenance of the lining are also 
important. 

Before the furnace is charged, the lining should be pre- 
heated to at least a bright red or yellowish heat. Assuming 
that the furnace is cold, adequate preheating requires about 
80 kw.-hrs. for the LFC furnace, and about 115 kw.-hrs. for 
the LFY furnace. Less power input is required if the fur- 
nace is warm. At the completion of preheating, open the pri- 
mary circuit breaker (knife switch) and proceed to charge 
the furnace. 

To prevent electrode breakage during furnace charging, 
the electrodes should be withdrawn until their tips are flush 
with the inner end walls of the furnace. The charge should 
be so placed in the furnace that it occupies a minimum of 
space and permits the greatest starting rocking angle without 
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danger of electrode breakage. Heavy chunks, usually placed 
in the furnace first, are placed in the center well towards the 
rear. 

The charging procedure followed varies with the compo- 
sition of the charge. Here, experience is the best guide. 
Observe the procedure followed by the leading petty officers 
in your shop. Should you have no opportunity to observe 
a correct charging procedure, bear this point in mind : Charge 
the furnace in a manner that avoids electrode breakage, but, 
at the same time, provides a maximum starting angle of rock. 

After charging, adjust the electrode in the manual bracket 
so that its tip extends about 114 inches beyond the center of 
the furnace as observed from the charging door. This pro- 
vides for electrode “burn off” during the melting cycle. Since 
burn off may be as much as 4 inches in extreme cases, this 
original electrode setting assures that the arc is located near 
the furnace center throughout the heat. 

After adjusting the stationary electrode, check all furnace 
controls and assure yourself that they are properly adjusted. 
Then, close the primary circuit breaker. Advance the mov- 
able (automatic) electrode with the IN electrode motor- 
control button until the two electrode tips make contact and 
start the arc. Rapidly withdraw the movable electrode until 
the desired rate of power input is registered by the indicating 
kw.-meter. Power input is increased by advancing the elec- 
trode, and decreased by withdrawing it. As you may recall, 
however, the load-adjusting rheostat provides for setting a 
predetermined power-input rate which is maintained auto- 
matically by the electrode adjusting motor and its controls. 
Once the arc is started, the proper power-input rate is auto- 
matically maintained. 

When the charge has melted down and is ready to pour, 
withdraw the movable electrode an inch or two, thus break- 
ing the arc. As the electrode is withdrawn, the indicating 
kw.-meter will register a decreasing power-input rate and 
will register zero when the arc is broken. When the arc is 
broken, turn the automatic-rock switch off and rotate the 
shell into the pouring zone with the portable push-button 
controls. 
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After pouring is complete and all metal has been drained 
from the furnace, open the knife switch on the power panel. 
Remove the charging door. Then rotate the shell forward 
with the portable push button until the door opening is 
underneath. Rock the shell back and forth several times 
while in this position. This action will dump all slag and 
dross from the furnace. 

While the shell remains in an inverted position, loosen 
the electrode clamps. (Be sure that the electrode regulat- 
ing and power panel is de-energized.) Then, move the elec- 
trodes back and forth in the furnace ports with à clockwise, 
twisting motion, using the electrode tongs if necessary. The 
twisting must be clockwise to avoid loosening the nipple. 
By moving the electrode in this manner at the end of each 
heat, freedom of electrode movement during the melting 
cycle is assured. From time to time, it will be necessary to 
remove the electrodes entirely and to ream out the ports 
‘with a special reamer provided as a furnace accessory. 
After reaming the port openings, smooth them with alundum 
cement. 

While the furnace is still hot, check the lining and remove 
any slag that may be present. Any worn or broken spots 
that may be apparent on the lining surface should be patched 
at once with a high temperature refractory cement having 
the same composition as the lining itself. Even though slag 
and worn spots are not apparent, the lining surfaces around 
the door opening should be washed with a slurry of refrac- 
tory cement after each day’s operation. 

At the end of the working day, and after all end-of-the- 
day furnace-maintenance procedures are completed, the fur- 
nace shell should be secured by locking the shell to the 
bases as follows: 

1. Place the automatic-rock switch at orF and energize 

the rocking-motor circuit. 

2. Hold down the forward button on the portable push- 

button station and rotate the shell forward until the 
two rear shell hooks engage the drive shaft. 
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3. Slide the two locking pins—located at the front of 
the furnace bases—into the shell eye plates. 


With the shell thus locked, the charging door is in the 
drainage position. Get the “securing” habit. By so doing 
you know that the furnace shell will stay put during a rough 
sea or an unexpected bombing attack. 


ROCKING ELECTRIC-RESISTOR FURNACE, TYPE NR—2 


Another furnace frequently installed aboard modern re- 
pair ships and tenders is the type NR-2 electric-resistor 
furnace. In many respects, the NR-2 is identical to the 
furnace discussed in the preceding section. For example, 
their bases are identical. Also, their rocking mechanisms 
and their variable rocking-control and portable push-button 
stations are the same. In fact, an uninformed observer 
would probably fail to distinguish between the two furnaces; 
especially, since their exterior appearance is so nearly alike. 
However, important differences do exist as we will point 
out in following paragraphs. But first, study figure 4-6, 
which illustrates the electric-resistor furnace. Then com- 
pare the resistor furnace with the indirect-arc furnace shown 
in figure 4-1. 

Having made a careful comparison, you have no doubt 
noticed that between the resistor and indirect-are furnaces . 
a difference in exterior appearance does exist. This differ- 
ence, of course, lies in the design of the electrode brackets. 
As you may recall, both the manual and automatic brackets 
on the indirect-arc furnace provide support and a means 
for moving a single electrode section into the furnace from 
each side. On the other hand, both brackets on the resistor 
furnace support and provide the means for adjusting two 
electrode sections on each side of the furnace. Where the 
indirect-arc furnace has one electrode clamp on each elec- 
trode bracket, the resistor furnace has two clamps on each 
bracket. Because of their parallel arrangement, however, 
only the forward of the two clamps on each bracket is visible 
in figure 4-6. 
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Figure 4—6.—An NR-2 rocking electric-resistor furnace. 


Between the two furnace types, other differences are also 
apparent; notably, the manner in which electrical energy is 
conducted to the electrode clamps, as well as the large num- 
ber of cooling water circulating lines. The difference in 
the arrangement of power supply is due to differences in fur- 
nace heating elements. There is also a difference in the 
number and arrangement of cooling water circulating lines 
because more areas are water-cooled in the NR-2 furnace. 
In this latter furnace, the electrode ports in the furnace 
sidewalls are water-cooled as well as the electrode brackets. 

Since the type of heating elements and the design of elec- 
trode brackets are different, the furnace operator must fa- 
miliarize himself with a somewhat different electrode-bracket 
manipulation and electrode-installation technique. Before 
discussing the installation of electrodes. however. let’s look 
at the electrodes themselves. 

Electrodes for both the NR-2 resistor and the indirect-are 
furnace are made from carbon. But the electrodes shown 
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Figure 4—7.—Electrodes used in the NR—2 electric-resistor furnace. 


in figure 4-7 are quite different from those illustrated in 
figure 4-2. The heating element for the resistor furnace 
has three distinct parts: the terminal, the male resistor, and 
the female resistor. Each NR-2 furnace utilizes four termi- 
nals, two male resistors, and two female resistors. The ter- 
minals are 4 inches in diameter and 1836 inches in length. 
One end of the terminal has an internal female thread into 
which the externally threaded end of either a male or female 
resistor may be secured. 

Both the male and female resistors have a body diameter 
of 134 inches, and both have similar external threads on one 
end. But here their similarity ceases. The male resistor 
has a conical point formed on the end opposite the external 
threads, while the female resistor has an internal conical 
depression on this end. There is also a slight difference in 
over-all length. Male resistors are 125% inches long, while 
female resistors are 12%, inches long. Needless to say, when 
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the heating elements are installed in the furnace, the ends of 
the male and female resistors fit snugly into each other. 
To install the heating elements. follow this procedure: 


1. 


2. 


Thread a FEMALE resistor into each of two resistor ter- 
minals. 

Withdraw the electrode clamps of the left electrode 
bracket as far as possible. Open the clamps and place 
a terminal in each clamp so that the outer edge of the 
terminal is flush with the outer edge of the electrode 
clamp, allowing the female resistor and the inner end 
of the terminal to protrude through the furnace elec- 
trode port. 


. Close the electrode bracket and tighten the wing nut, 


thus securing the terminal in the electrode clamp. Do 
NOT USE A WRENCH TO TIGHTEN THE WING NUT. 


. Feed the electrode clamps on the left bracket 1x until 


the carriage strikes the stops. 


. Thread a MALE resistor into each of two resistor ter- 


minals. 


. Withdraw the electrode clamps on the right bracket 


about one-fourth of the way back from the carriage stop, 
and open the clamps. Install each resistor and resistor 
terminal] by sliding it through the furnace electrode port 
until it makes contact with the female resistor secured 
in the opposite bracket. 


. Without disturbing the carbon resistors, adjust the car- 


riage of the right-hand bracket so that the outer edge of 
the clamps are flush with the outer ends of the resistors. 
Then, tighten the electrode-clamp wing nuts. 


. Turn the feed handle (see figure 4-6) on the right-hand 


electrode bracket to the right. This procedure moves 
the electrode bracket in, compresses the springs in each 
electrode-bracket carriage, and thus provides positive 
contact under pressure at the resistor elements’ conica] 
joint. About 114 full turns of the handle will provide 
the necessary pressure. 


No further adjustments to the electrodes are necessary dur- 
ing furnace operation. This isa basic difference between the 
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resistor and indirect-are furnace. Since the electrodes are 
stationary during the operation of an NR-2 furnace, an elec- 
trode-adjusting motor and its associated controls are not re- 
quired. And, since the electric current does not jump a gap 
between the electrodes, as it does in the indirect-are furnace, 
an operating NR-2 resistor furnace operates quietly. 

In the indirect-arc furnace, heat develops at the arc gap, 
radiates to the furnace lining, which in turn reflects the heat 
over the metal on the hearth. In the NR-2 furnace, the re- 
sistance of the electrodes themselves to the flow of electric 
current develops heat (causing the resistors to become in- 
candescent). This heat radiates to the furnace lining which 
reflects the heat to the metal charge. 

Because of the tremendous heat developed in the resistors, 
additional cooling is necessary to prevent the terminals from 
heating outside the furnace shell. In both the indirect-arc 
and the resistor furnace, the electrode clamps are water- 
cooled and insulated from the electrode brackets. However, 
of the two furnace types, only the resistor furnace has water- 
cooled electrode ports. For this cooling purpose, a stainless 
steel water jacket is built into the NR-2’s electrode ports. 
_ Before you attempt to operate either the indirect-arc or the 
resistor furnace, BE SURE THAT WATER IS CIRCULATING THROUGH 
THE COOLING SYSTEM. 


Resistor Furnace Control Stations 


Excepting the furnace rocking mechanism, all adjust- 
ments to the NR-2 resistor furnace may be made from the 
control and meter panel. However, the current value pass- 
ing to the heating elements may be changed by making man- 
ual adjustments at the furnace transformer shown in figure 
4-8, Since an understanding of manual adjustments of cur- 
rent-input values is essential for an understanding of re- 
mote-control adjustments to current-input values, we will 
first present and discuss the furnace transformer and its 
controls. 

The function of the transformer shown in figure 4-8 is to 
step-down the 440-volt, 3-phase, 60-cycle current delivered 
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Figure 4—8.—Transformer for the electric-resistor furnace. 


by a generator to a current value suitable for the heating ele- 
ments. Another of its functions is to convert the 3-phase 
current entering the transformer into two single-phase cir- 
cuits of stepped-down current. One single-phase circuit 
supplies power to one heating element, while the second 
single-phase circuit supplies power to the other heating ele- 
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ment. The amount of power passing to each heating element 
is controlled by taps. By means of these taps the power 
available for each resistor may be varied from 15 to 33 volts. 

In the side of the transformer housing are two circular 
windows through which numerals mounted on a circular 
disc are visible. The number visible through the window . 
may be changed by turning a shaft extending through the 
housing under the window with a portable handwheel (see 
figure 4-8). Turning the shaft, and thus changing the dial 
number visible through the window, changes the position of 
a drum switch. The position of the drum switch deter- 
mines which tap outlet is used and, therefore, controls the 
power input to the heating element it serves. Since the nu- 
merals on the dial are equivalent to the position of the drum 
switch (and likewise the tap), the numerals indicate the 
nominal open-circuit voltage across the resistor terminal of 
the heater element served. 

The voltage may be changed at any time desired; whether 
the transformer is under a load or not makes no difference. 
However, when operating the tap-changer drum switch man- 
ually with the handwheel, it should be positioned by feel 
and sound rather than by centering the dial numeral in 
the circular window. When a particular tap is in accurate 
position, the operator “feels” and “hears” the drum switch’s 
position-stop click into place. 

There are eleven positions on each tap-changer drum 
switch. These positions provide a range of voltage in steps 
of 15, 17, 20, 21, 22, 23, 25, 27, 29, 31, and 33 for each heat- 
ing element. When the handwheel for manual operation 
of the tap changer is not in actual use, it should be removed 
from the shaft extension and stored on its bracket. 

The position of either furnace transformer drum switch 
may be changed by remote control. This is accomplished by 
manipulating the appropriate switch on the control and 
meter panel illustrated in figure 4-9. Before proceeding 
further, study the illustration and learn the location of all 
control-panel switches. Ignore, for the moment, the meters 
on the upper portion of the panel and concentrate on the 
tap-changer switches, the solenoid circuit breaker, and the 
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Figure 4—9.—Control and meter panel for NR—2 resistor furnace. 


primary power breaker. You’ll be required to manipulate 
all of these switches when you operate the resistor furnace. 

To operate the tap-changer drum switch by remote con- 
trol, the first step is to place the solenoid circuit-breaker 
switch (located on the control panel) in the on or CLOSED 
position. This action energizes the solenoid circuits to both 
tap changers. (A solenoid is merely a coil which, when 
energized, becomes magnetized.) With this circuit ener- 
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gized, the solenoids may be actuated to turn the drum switch 
one step in either direction by manipulating the appropriate 
tap-changer switch on the control panel. Each tap-changer 
drum switch in the transformer is provided with a remote- 
control switch. By turning the tap-changer remote-control 
switch in one direction or the other (as indicated by the 
name plate on the panel), the solenoids will cause the tap 
changer to raise or lower the voltage one step. The control- 
panel tap-changer switches are “momentary contact 
switches.” That is, these switches function to close the 
circuit (thus magnetizing the solenoids) only while they 
are held in a closed position. Therefore, to avoid breaking 
the circuit before the solenoid has had time to move the tap 
changer into its new position, operate the remote-control 
tap-changer switches on the control panel with a posifive, 
delayed movement. If this switch is released before the 
solenoid has had sufficient time to completely move the drum 
switch to the new position, arcing across the drum-switch 
contactor will result. This arcing may result in burned 
contactor elements. 

Mounted on the upper portion of the control panel are five 
meters: one kilowatt-hour meter, two indicating kilowatt 
meters, and two indicating ammeters. The function of these 
five meters is to measure current, and thus provide the fur- 
nace operator with accurate information on current value 
passing to the furnace heater elements. Although the inte- 
grating kilowatt meter (kilowatt-hour meter) has an indi- 
cating hand that may be reset, the operator, for the most 
part, merely reads the meters. He does not adjust them. 

The INTEGRATING HOUR METER has one large dial whose 
face is calibrated from 0 to 300. The meter has an indi- 
cating hand which may be reset. The function of the meter 
is to measure, in kilowatt-hours, the TOTAL current input 
value through both resistors. The indicating hand is 
reset to zero for each operating cycle—preheating or 
melting. 

The two INDICATING KILOWATT METERS measure the cur- 
rent value in kilowatts at any given instant. One kw. meter 
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measures current passing through one resistor; the second 
kw. meter measures the current passing through the other 
resistor. Although it is not absolutely essential, both re- 
sistors should be operating at the same input. The actual 
amount of input depends upon the operation involved— 
whether metal is being melted. held at temperature, or if the 
furnace lining is being dried out. For melting, the total 
input is usually between 125 and 150 kilowatts. 

An INDICATING AMMETER for each resistor circuit is also 
mounted on the meter panel. The scales of each meter 
range from 0 to 4000 amperes. The value indicated by the 
needle depends upon transformer drum switch setting and 
the resistance of the heating element. In normal operations, 
the ammeter’s reading is between 3000 and 3500. Do not 
use an amperage over 3800 at the heater element. 


Operating the NR-2 Furnace 


In general, there is little difference in the operation of 
an indirect-are and an NR-2 resistor furnace. For ex- 
ample, with either furnace, linings must be properly main- 
tained, cooling water must be circulating, furnace preheat- 
ing must be adequate, and metal charging must be carefully 
performed. The details for accomplishing these steps vary 
with the furnace, but each step must. be provided for. 

First of all, be sure that power for operating the furnace 
is available. Then, assuming that the furnace is cold, and 
that lining is in good condition, the operational sequence is 
as follows: 

1. Adjust the heating elements (resistors and terminals) 

in the electrode clamps as previously described. 

2. Turn on the circulating cooling water. 

3. Manually set each transformer drum switch tap- 
changer so the number “15” is visible through the cir- 
cular window. 

4. Close the solenoid circuit breaker switch. 

5. Close the primary power breaker. Power is now avail- 
able and is passing through the heating elements. 
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The above procedure may be classed as preliminary be- 
cause it must be followed when drying out a new lining 
or preheating the furnace. Actually the same procedure is 
followed after preheating to melt a metal charge. The op- 
erating procedure that follows step 5 varies somewhat with 
the purpose for which the furnace is heated. And, to some 
degree, the exact procedure followed also depends on whether 
or not the heater elements are new or have been previously 
used. However, the procedure followed after step 5 for 
any heating purpose is merely that of increasing the power 
input. As you may recall, power increase is accomplished 
by either adjusting the drum switch tap-changer manually 
at the transformer, or through the operation of remote-con- 
trol switches on the control panel. — 

To PREHEAT a cold NR-2 resistor furnace, approximately 
60-80 kilowatt-power input is necessary. Preheating should 
continue until the lining is at the tapping temperature of 
the metal to be melted, but at no time should the preheating 
temperature exceed 2900° F. On the other hand, if the fur- 
nace is being heated to dry out a new lining, the total input 
to the heating elements is between 50 and 60 kws., applied at 
a slow power-increase rate over a 6-hour period. For most 
other applications, the voltage may be increased a few min- 
utes after the furnace is “Ht off.” But, if the resistors are 
new, it is advisable to delay an increase in voltage at least 
three minutes. This practice will prevent damage to new 
resistors at the points of contact, and thus insure longer 
resistor life. 

After the furnace is adequately preheated, it 1s ready to 
be charged with metal. Before charging the furnace, OPEN 
the primary circuit breaker and withdraw the resistors until 
they are flush with the furnace end-wall lining. This with- 
drawal is necessary to avoid electrode breakage. As was 
noted when we discussed the indirect-are furnace, the charg- 
ing method depends upon the type of material making up 
the charge, as well as the total weight of the charge. Never- 
theless, the charging hints previously given for the indirect- 
are furnace will also serve for the NR-2 resistor furnace. 
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After completing the charging operation, clean a path 
through the charge—if necessary—and advance the elec- 
trodes on the left side until the electrode clamps hit the 
carriage stops. Repeat this operation for the electrodes on 
the right side. When the resistor ends make contact, adjust 
the pressure with the feed handle, making sure that the 
springs of each right-hand electrode clamp are compressed. 

Adjusting the heating elements after preheating and 
charging prepares the furnace for the melting phase of 
- furnace operations. Before energizing the power circuits 
by closing the primary circuit breaker, be sure that cooling 
water is circulating and set the drum switch tap-changers 
on “15.” Then, close the primary breaker. Operate the 
“momentary contact switches” to increase the power input 
to the heating elements to the desired input rate. And, 
finally, set the furnace in its rocking motion through the 
operation of the variable rocking controls. 

When the “heat” reaches the desired temperature, place 
the automatic-rock switch at orF and open the primary cir- 
cuit breaker. Before the heat reaches this temperature, 
everything necessary for tapping the furnace and pouring 
the metal should be in readiness. It is not desirable to hold 
the metal at the tapping temperature for a long period of 
time. Unfortunately, Navy foundries are seldom in a posi- 
tion to handle the entire furnace capacity at one time. 
Therefore, during the tapping period, the power-input rate 
should be reduced to an input value that will just maintain 
the metal at the tapping temperature, thereby avoiding over- 
heating. 

Each time that either the indirect-are or the NR-2 resistor 
furnace is lit off, the operator should make an entry on a log 
sheet similar to the one illustrated in figure 4-10. Although 
the log illustrated is designed for the indirect-are furnace, 
it is similar to the log used with the resistor furnace. By 
maintaining a log of furnace operations, the time necessary 
to produce a given batch, as well as other pertinent informa- 
tion on the furnace, is readily available for future reference. 
These log sheets are available in your foundry; use them. 
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Day Heat No. 8 | 9 | 10 | 11 | 12 
Lining Heat No. `46 47 48 49 | | | | | | | 
Time Start Charging | 5.30 | 7.15 | 8.45 | 10.10 | |] | | | 
Gi aa" p — —— | — a. — | | me  — | — — i — — — — 
Time Arc On 5.35 | 7.25 | 8.55 | 10.15 | I 
Time Arc Off 6.55 | 8.35 [10.05 | 11.20 | | 
Kw. Hr. Start Rock o|o |] 0] 0 | | | 
Kw. Hrs. Reheat ! . | - - - l | 
Total Kw. Hrs. | 235 | 210] 190] iso | 
Í i | Sf FR ee ee | — —— | | | | j 
Total Temperature °F | 2900 | 2880 | 2900 | 2800 
Weight of Charge R00! soo | 800 | 300 
il Pig | 1609 | 1609 | 1604 | 1604 
Low Phos. `° 2409 | 2407 | 2409 | 2409 
Composition #4 “ 80 RO] 809 | 804 
and Remelt | 240% | 240% | 2404 | 2408 ! 
Analysis Steel Se. | -S07 | 80s | SOZ | KOS 
of FeMn(B) | 234| 238| 24 | 2% | 
Charge FeSi(D) 4g] ahead 449 416 l DEL NER EN (a 
Minutes j | | | | | 
DFLAYS:............ — Fk 
Cause I | | | 
t I 1 I 


REMARKS: 1. Ht. 46 — Preheating — 90 KWH 


2. Ht. No. Castings Poured 4.45 Hours Operation 
46) Heats 
47 ) Reel Heads, Arbors. 3200 Lhs. Total Melt 
48) Shells for Piston Rings S15 Total Kw. Hrs. 
49 ) 509.4Kw. Hrs. per ton 


& L; Fe Ni inoculation to shells 


Figure 4—10.—A typical furnace operating log sheet. 


CORELESS-INDUCTION FURNACE 


A third type of electric furnace. utilized in Navy foundries 
is the coreless-induction furnace. This furnace, like the 
Detroit electric-rocking furnaces discussed in preceding sec- 
tions of this chapter, is suitable for the production of all 
types of commercial alloys. As will be pointed out, there are 
few similarities between Detroit-electric furnaces and Ajax 
coreless-induction furnaces. 

You recall that both the indirect-are and the resistor fur- 
nace have transformers incorporated in their electrical sys- 
tems.. (Actually, both furnaces have transformers in 
addition to those discussed.) Transformers also form an 
essential part of the coreless-induction furnace’s electrical 
system. In fact, the coreless (or high frequency) induction 
furnace itself is a transformer. That is, its box-like shell 
lined with refractory material in which is embedded a helical 
copper-tube coil—through which a high-frequency electrical 
current passes—is one part of the transformer. The charge 
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of metal in the cavity or crucible of the shell is a second part 
of a transformer. Atmosphere is a third part. Restated, 
the Ajax coreless-induction furnace may be defined as an 
air-cored transformer whose primary is the furnace coil and 
whose secondary is the charge being heated. 





Figure 4—1 1.——Cross-sectional views of an induction furnace. 


Take a look at figure 4-11A. The outer shell (S) is made 
of asbestos. This shell is lined with refractory material (G) 
in which is-.embedded a helical copper tube (C). The coil 
itself is insulated with a layer of special refractory—Nor- 
patch—(Z) as extra protection against metal leaks, Cool- 
ing water, to keep the tubes from overheating, as well as a 
high-frequency current, passes through the coil. The fire- 
brick bottom (F) and the refractory lining (@) form the 
furnace melting cavity. On some installations, a thin- 
walled crucible (M) is used to form the inner lining surface; 
in others, the Normagal (a granular refractory) is smoothed 
and sintered (glazed). 


Principle of Operation 


When a 960-cycle high-frequency current is applied to the 
terminals of the coil, all space inside the coil is subject to a 
rapidly alternating electromagnetic field. (Remember, the 
ordinary shipboard lighting and power circuit is only 60- 
cycle alternating current.) While the high-frequency fur- 
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nace 1s operating, any electrical conductor inside the coil 
(furnace cavity) has current INDUCED in it. The resistance 
of the metal charge (or any other electrical conducting ma- 
terial) to the flow of the induced current generates heat. 
This heat causes the metal to melt. 

Alternating current has a tendency to hug the surface of 
the material through which it passes. Further, the higher 
the frequency of the alternating current, the more it hugs 
the surface of the conductor. Since high-frequency is on or 
near the surface, resistance and heat are also concentrated in 
that area. This results in rapid surface melting which in 
turn contributes to the over-all rapidity of metal breakdown 
or melting. Of course, power (volts z amperes) is also a 
factor. With sufficient power, the speed of melting increases 
considerably. | 

As the induced current circulates through the charge, it 
follows a path opposite to that of the current in the coil. 
The heat developed on the outer edge of the charge passes to 
the center of solids by conduction. After the charge starts 
to melt, a stirring effect occurs (see figure 4-11B). This 
movement (convection) not only carries heat to the center of 
the charge by washing molten metal! against solid chunks, but 
= also mixes the melted charge uniformly. The molten bath 
may be stirred vigorously by increasing the power input to 
the furnace, just as turning up a gas flame boils water more. 
energetically. 

There are two basic types of coreless-induction furnaces. 
The one shown in figure 4-12 is the tilting type. The other 
type is a lift-coil furnace. Both are substantially the same, 
except that the lift-coil is limited to small sizes while tilting 
furnaces may have capacities as great as 214 tons. As their 
names imply, the tilting furnace consists of a single box- 
like section. It must be tilted to tap the molten metal. The 
lift-coil furnace consists of two sections—the base and a re- 
movable coil structure. The metal in this latter furnace is 
melted in a crucible, which also serves as a pouring ladle 
(see figure 4-13). 
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Figure 4—12.—A tilting coreless-induction furnace. 


The tilting furnace shown in figure 4-12 has a capacity of 
650 pounds. Usually, a battery of three furnaces—two 
650-pound tilting and one lift-coil furnace for a No. 70 cru- 
cible—is available at large advanced bases. Smaller instal- 
lations, however, may have only the lift-coil furnace. In 
either event, the furnaces are operated from one control 
panel. 

To tilt the tilting-induction furnace, the hook of a power 
hoist is attached to a bracket on the lower rear of the furnace. 
As the hoist hook is elevated, the furnace spout is brought to 
the pouring position through the double-trunnion arrange- 
ment on each side of the furnace shell. The method of tilt- 
ing is evident in figure 4-12. 

A view of the lift-coil furnace in the up position is shown 
in figure 4-13. The coil is raised and lowered with an elec- 
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Figure 4—13.—Lift-coil induction furnace in up position. 


tric hoist or chain falls. Except for the differences apparent 
when figures 4-12 and 4-13 are compared, all induction fur- 
naces are alike. 
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An induction-furnace installation consists of four major 
subunits: generators, capacitors, control instruments, and 
the furnace itself. These four units are interconnected with 
electrical circuits and a cooling-water system. You are al- 
ready familiar with the construction and function of the 
furnace. We will now briefly discuss the other subunits. 

First of all, to operate the furnace there must be a source 
of power. At an advanced base this is usually a Diesel 
motor-generator set. The unit produces 175 kw., high-fre- 
quency current. The generator’s field is excited by 1.5 kw. 
direct-current excitor. Activating this subunit is like start- 
ing an automobile; both have a starting motor. 

The next subunit is the capacitors or condensers. There 
are 16 of these devices. All are operated from the control 
panel. A capacitor or condenser is a device for holding or 
storing a charge of electricity. In an induction-furnace in- 
stallation, capacitors are used to balance the inductance of 
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the furnace proper. By depressing push buttons on the 
control panel, capacitors are cut in or out of the circuit as 
necessary to maintain the proper power factor. You'll push 
these buttons whenever the power-factor meter indicates an 
excessive “lag” or a “lead” in power factor. 

The location of the interlock box containing the capacitor- 
control push buttons, as well as other furnace-control devices, 
is illustrated in figure 4-14. Although the panel illustrated 
is not the only control panel, it is the most important from 
the standpoint of furnace operation. Two other control sta- 
tions are concerned with starting the generators and switch- 
ing the furnace controls from one furnace to the other. This 
latter set of switches is provided only when the foundry has 
two or more induction furnaces. Another station controls 
& pressure pump and a manifold for circulating cooling 
water. The control] stations other than the one illustrated 
in figure 4-14 are located in the cubicle (room) containing 
the generators and capacitors. 


Operating the Coreless-Induction Furnace 


The individual pieces of material making up the charge 
should weigh between 1⁄4 to 2 pounds. The pieces should” 
be so placed in the furnace that the charge is fairly compact. 
After charging, the operator is ready to “light off” the fur- 
nace by applying power. But first, he makes sure that water 
is circulating through all circuits to be energized. 

Assuming that the generator and excitor are operating, 
and that the appropriate throwover switches have been po- 
sitioned for the furnace selected for the heat, the procedure 
for operating the furnace is as follows: 


1. Energize the control and condenser (capacitor) con- 
tactor circuits. The push buttons for this operation 
are located next to the voltage regulator. 

2. Set the tap switches to positions 1 and 4. These 
switches have the same function as the drum switch 
tap-changers discussed under resistor furnaces. 
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3. Turn the voltage regulator rheostat located on the face 
of the voltage regulator counterclockwise as far as it 
will go. 

4. Turn the excitor and the generator rheostats to their 
extreme clockwise direction. 


5. Close the generator line contactor and the field contac- 
tor by pressing the appropriate push buttons on the 
control panels. The above procedure energizes the fur- 
nace, but the power is at a very low value. 


6. Slowly turn the excitor and generator rheostats 1n a 
counterclockwise direction until 400 volts are indicated 
by the voltmeter. 


Voltage may now be slowly raised by turning the voltage 
regulator rheostat in a clockwise direction. While increas- 
ing voltage, closely observe the power-factor meter—its 
scale is 5|0%—100%—509% and is marked as “Lac” or “LEAD.” 
If this meter indicates more than 90-percent lead, capacitors 
are removed from the circuit by raising the interlock-box 
cover and depressing a sufficient number of shack buttons to 
bring the power-factor reading between 90-percent lead and 
98-percent lag. On the other hand, if the power factor is 
more than 98-percent lag, push one or more WHITE buttons to 
make the necessary power-factor correction. 

The temperature needed to melt down a given “heat” de- 
termines the amount of power input required. And, the 
amount of power required determines the position in which 
the tap switches are placed. For a low melting point ma- 
terial like aluminum, sufficient power is obtainable with the 
tap switches in positions 1 and 4. To obtain higher tem- 
peratures, more power must be applied. 

Further power increases are made by changing the posi- 
tion of the tap switches. There are four tap-switch posi- 
tions, each of which governs a range of power increase: 
taps in position 1 and 4, lowest power; position 2 and 4, 
next to lowest power; position 1 and 3, next to highest 
power; position 2 and 3, highest power. In other words, 
through the manipulation of the voltage-regulator rheo- 
stat, and through changes in tap-switch position, the power 
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input to the furnace may be varied from a very low value 
to the full 175-kw. capacity of the high-frequency generator. 

In addition to keeping an eye on the power-factor meter 
and making corrections as necessary, the furnace operator 
must also watch the charge in the furnace. When the metal 
begins to melt, be sure that the remaining unmelted portions 
of the batch are free to slide down into the molten bath. If, 
at any time, the unmelted metal has a tendency to hang on 
the sidewalls or form a bridge between sidewalls, use a 
bar to relieve the condition. However, severe poking must 
be avoided in order to prevent damage to the furnace lining. 
If a “bridge” forms, reduce power until the bridge is elim- 
inated. Otherwise, the molten metal beneath the bridge 
may become overheated. After the bridge is eliminated, 
full power should again be applied. 

When the metal reaches the pouring temperature, addi- 
tional power is often applied for a short period. This extra 
power input accelerates the stirring action and thereby 
thoroughly mixes the batch. As with all types of furnaces, 
whether they be oil-fired or electric, everything must be in 
readiness before the heat reaches the tapping temperature. 
In fact, all molds for the castings to be poured from a par- 
ticular heat should be ready before a furnace is “lit off.” 

No one Navy foundry will be equipped with more than 
one type of electric furnace. Nevertheless, as you move 
from one duty station to another, you will probably have an 
opportunity to work with each of the three furnace types 
described in this chapter. When you report to a new duty 
station, make it a point to get all the information you can 
pertaining to the ship’s equipment. Study the operation 
and instruction manuals furnished by the manufacturer. 
And, finally, no matter how much you know about a given 
type of furnace, have someone who has operated the fur- 
naces in that particular foundry show you how it’s done. 
Remember, furnaces are a lot like human beings; no two 
are exactly alike. 
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11. 


12. 


13. 


14. 


QUIZ 


. Name three types of electric furnaces used in the Navy's ship- 


board and advanced base foundries. 


When making electrode replacements or adjustments, the joint 
area of two electrode lengths should not be gripped in the elec- 
trode bracket clamp. Why? 


. In the LFY indirect-are furnace, what is the purpose of reactance 


control? 


. Why are electrode adjustments continuously necessary during the 


operation of indirect-are furnaces? 


. If, during the operation of the indirect-are furnace, the are be- 


comes sluggish and smoky, what adjustment should be made? 


. Through the operation of what controls are indirect-are furnace 


barrel motions controlled? 


. What should you do before you attempt to operate an electric 


furnace? 


. Upon what factors does successful furnace operation depend? 
. Why should the electrodes of an indirect-are furnace be withdrawn 


until their tips are flush with the inner wall of the furnace during 
the charging procedure? 


When should slag be removed from a furnace? 


What is the basic difference between the exterior appearance of 
the NR-2 resistor and the LFY indirect-arc furnace? 


How can you distinguish between male and female resistors used 
in NR-2 furnaces? 

How can the serviceable life of NR-2 furnace resistors be 
prolonged? 


How is metal melted in a coreless-induction furnace? 


. What points should be borne in mind when charging a coreless- 


induction furnace. 
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CHAPTER 5 
THE PROPERTIES AND USE OF METALS 
SYMBOLS 


Many of the metals in use today were known to prehistoric 
man. Even before the time of. written records man possessed 
certain smelting and metalworking skills. As early as 
3000 B. C. the ancient Egyptians were producing bronzes by 
alloying tin with copper. And, prior to the time that these 
early craftsmen along the Nile had developed their bronze- 
making techniques, the Chaldeans in Mesopotamia had de- 
veloped the art of working copper. 

Since prehistoric times each succeeding civilization has 
made some contribution to our knowledge of metals. In re- 
cent years, of course, rapid advancements in the science of 
metallurgy have provided us with hundreds of metallic alloys 
unknown to the ancients. That fact notwithstanding, we of 
the modern world are greatly indebted to the civilizations of 
- the past. We may not realize it but Molders use something 
from the ancient world everyday—symbols. 

Symsots for many of the commonly used metals are taken 
from the Latin counterpart of their English name; specifi- 
cally, iron and copper. The symbol for iron is Ze, which is 
the first two letters of the Latin ferrwm. Another example 
is copper, whose symbol is Cu, from the Latin cuprum. Not 
all symbols for metals originated from Latin, but whether 
they did or not you should be familiar with symbols, 

Table II lists the symbols for the more commonly used 
metals. This table also includes such additional data as 
specific gravity, weight in pounds per cubic inch, and melting 
point. 
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A knowledge of symbols is important because they provide 
a sort of shorthand for all workmen concerned with metals. 
Molders use symbols in record keeping and when calculating 
charges. Further, the language in which specifications are 
written employs symbols. Therefore, to understand the lan- 
guage of metals, you must know symbols. 

Symbols are just one of a number of things that the Molder 
needs to know about metals. In addition to symbols, a 
Molder needs (1) a knowledge of the characteristics and 
properties of metals and (2) an ability to identify one metal 
from another. Why does the Molder need this knowledge 
and skill? Because he selects precise amounts of specific 
materials and combines them in a furnace to produce an alloy 
that will doa particular job. 


CHARACTERISTICS AND PROPERTIES OF METALS 


If all metals had the same characteristics and properties, 
there would be no need for the many metals and alloys 
now used. But, there are differences. Some metals are 
heavy, some are light. Others are strong, while still others, 
are weak. Further, some metals are hard, while others are 
soft. 

From the data given in Table II you can see that equal 
volumes of metals differ considerably in weight. For ex- 
ample, the weight or density of tungsten is about 10.7 times 
as great as that of magnesium. Frequently, the weight of 
metals is compared in this manner; that is, one metal is said 
to be so many times heavier than another metal. A second 
method of comparison is to say that one metal weighs so 
much while another weighs so and so. However, compari- 
son of the weights of metals is usually stated in terms of 
the specific gravity of the metals being considered. 

SPECIFIC GRAVITY is the ratio of the weight of the metal to 
the weight of an equal amount of water. It is obtained by 
dividing the weight of a given volume of metal by the 
weight of an equal volume of water. To illustrate the 
point, let’s take antimony as an example. A cubic inch of 
antimony weighs 0.239 of a pound. A cubic inch of water 
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weighs 0.0361 of a pound. Then: 0.239+0.0361=6.62 the 
specific gravity of antimony. What does this mean? In 
one sense, merely that antimony is a little more than six 
and one-half times as heavy as water. But at the same time, 
it provides a convenient way of comparing metals. 


TABLE II.— Useful Data 


(Figures are approximate) 





Material sma | SRS | pra | ue 
Aluminum_ ______. A] 2.70 | 0. 0951 1214. 6 
Antimony 2c hee SSS Sb 6. 62 | 0. 239 1166. 9 
Beryllium- ------------------ Be 1. 85 | 0. 0658 2345 
Cadmium- ------------------ Cd 8. 65 | 0. 313 609. 6 
CarDon oreraa oe ees C 2. 22 | 0. 0802 6332+ 
Chromium______... Cr 7. 14 | 0. 260 2822 
Coal ceesre state ot lee Co 8.90 | 0. 32 2714 
COppel ul L cee uu eves) Cu 8.94 | 0. 324 1981. 4 
TOR acerca u Sos. mas St Fe 7. 87 | 0. 284 2795 
Leagq: c cu ss cla ee es as Pb 11. 34 | 0. 4097 621. 2 
Magnesium_______.---------- Mg 1. 74 | 0. 0628 1204 
Manganese- ----------------- Mn 7. 44 | 0. 628 2268 
Molybdenum- --------------- Mo 10. 20 | 0. 369 4748 
Nickel 22.22 s2usa zas sagsag Ni 8.90 | 0. 322 2646 
Phosphorus_._____ P 1. 82 | 0. 0658 111. 4 
Saileon.___...... .. se eee eos Si 2. 40 | 0. 084 2600 
Suur ee SU eel S 2.07 | 0. 0748 235. 4 
[ico a EDS I OR PO Sn 7. 30 | 0. 2637 449. 6 
Titanium._------------------- Ti 4. 50 | 0. 164 3272 
Tungsten-------------------- W 19. 30 | 0. 697 6098 
Vanadium______._. Vv 5. 68 | 0. 217 3110 
Z11161. Sige Es Nye apt, S el Sat Slo Zn 7. 14 | 0. 258 787 
WALCh L sine eee Glee cess H,0 1.00 | 0. 0361 32 


Specific gravity has additional practical applications. One 
application was suggested when a crucible’s metal capacity 
was discussed. If you know how much water a given cru- 
cible or other container will hold, it is a simple matter to 
determine how many pounds of a particular metal that same 
container will hold (see page 74). On the other hand, sup- 
pose that you know the metal’s specific gravity, but you want 
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to know how much it weighs per cubic foot. This answer 
is obtained by multiplying the metal’s specific gravity num- 
ber by the weight of one cubic foot of water (62.4). For 
example, the specific gravity of copper is 8.94; its weight 
per cubic foot is 8.94 X62.4=558 pounds (approximately). 

Similar results may also be obtuined by using the density 
or weight of the metal per cubic inch. In this case, the 
weight per cubic inch is multiplied by 1,728 (the number of 
cubic inches in a cubic foot). When you work out the 
weight per cubic foot for copper by this method, the result 
varies a few pounds from that obtained by the specific- 
gravity method. For practical purposes, though, the vari- 
ation is so slight that it may be ignored. A similar variation 
will be noted for all other metals enumerated in the table. 

MELTING Pornts of different metals also vary through a 
relatively wide range. For example, tungsten melts at about 
6098° F. and cadmium at 610° F. And there doesn’t seem 
to be any relationship between density and melting point. 
On the one hand, we have lead with a specific gravity of 11.34 
melting at 621.2° F. On the other, we have beryllium, which 
has a specific gravity of 1.85, and which melts at 2345°F. 

The facts presented in Table II will be useful in your 
day to day work. In time, you'll have many of these facts 
on the tip of your tongue, ready for instant use. But until 
then, it might be well to keep such information in a pocket 
notebook, just in case you can’t remember the data when 
you need it. By referring to standard handbooks, the in- 
formation in Table II may be expanded. However, infor- 
mation pertaining to the metals with which you will normally 
be concerned is included in Table IT. 


Properties 


The properties of metals are many and varied, but those 
of greatest interest to you are hardness, toughness, tensile 
strength, ductility, machineability, and resistance to corro- 
sion. You'll hear these terms used to describe materials. 
Also, the differences in properties among the various metals 
will help you identify them. 
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The property of HARDNEss gives a metal the ability to 
resist scratching, cutting, denting, or wearing away. Hard- 
ness 1s also defined as “the ability to resist penetration.” 
For example, you know that a piece of lead can easily be 
scratched with a pocketknife, but you’d have a hard time 
scratching a piece of steel in the same manner. Steel is 
harder than lead. It has properties which cause it to resist 
scratching and cutting. Further, the property of hardness 
in one steel will be greater than that of another. 

TovugiNneEss is that property of a metal which enables 
it to withstand shock and deformation (energy) without 
breaking. Usually, as the hardness of a metal increases, 
the toughness decreases. 

TENSILE STRENGTH is that property of a metal which resists 
such forces as would tend to pull the metal apart. It is 
the force (pounds per square inch) necessary to break a 
specimen under test. 

The term pUcTILITy is used to describe that property of 
metal which makes it capable of being drawn, stamped, 
or hammered out thin; in other words, easy to work. Gold, 
for example, is a ductile metal. 

MACHINEABILITY is the term that describes the ease with 
which stock is turned, planed, milled, or otherwise shaped in 
the machine shop. It is also the property which determines 
how easily you can cut threads on pipe and bolt stock. 

One of the most useful and important properties of a 
metal is its ABILITY TO RESIST CORROSION. Unfortunately, 
some of the stronger metals have poor resistance to corro- 
sion. This is often overcome, however, by covering these 
metals with a coating of another metal which has good 
resistance to corrosion. An example of this 1s galvanized 
steel pipe. Here, the protective coating is zinc. 

The various properties of metals and alloys have been 
determined in government research laboratories and by var- 
ious societies interested in metallurgical development. 
Charts which show properties of a particular metal or alloy 
are published in such reference books as: the Metals Hand- 
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books, The Cast Metals Handbook, and the American Ma- 
chinists’ Handbook. These charts not only give you in for- 
mation on the melting point of metals and alloys, but also 
provide information on tensile strength, electrical conduc- 
tivity, magnetic properties, and various other factors. Ina 
general way, you can conduct simple tests to determine some 
of the properties yourself. For the most part, though. your 
test of a metal’s properties will be useful in identifying a 
piece of stock. 


TWO CLASSES OF METALS 


The metallic materials with which you will work are di- 
vided into two general classifications: ferrous and nonfer- 
rous. <A ferrous metal is one principally composed of iron. 
Pig iron, cast iron, ingot iron, wrought iron, carbon steel, 
and the various alloy steels—structural as well as cast steel 
and tool steel—are ferrous metals. Nonferrous metals in- 
clude all other metals. You are probably familiar with 
many of the nonferrous metals, for instance, gold, silver, 
lead, zinc, aluminum, copper, and tin. Many of these metals 
and the many combinations of them in the form of alloys, 
such as solder, brass, and bronze, are used in large amounts 
in the construction and maintenance of naval vessels. Look 
around your ship. Pipes, valves, cables, ladders, pots, pans, 
and machinery are all made of the metallic materials of 
construction. | 

Although Molders sometime work with metals in the form 
of sheets, plates, pipes, bars, and wires, they usually work 
with metals having a much different form. Further, most 
artificers in the repair department do their work without 
altering the chemical composition of the metals. It is quite 
different in the foundry. The Molder’s product is obtained 
by combining various metallic elements to produce a par- 
ticular casting alloy. Metalsmiths, Pipe Fitters, and Ma- 
chinery Repairmen are more concerned with changing the 
shape of existing pieces of metal: Molders not only change 
the shape, they produce an entirely different alloy by com- 
bining metals in definite proportions. 
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The most common forms or shapes in which Molders use 
metals for the production of castings are the ingot, pig, and 
slab. However, other forms are also used; for example, 
shot, stick, lump, cube, and crushed and screened. Metals 
are supplied in various forms for two reasons: (1) to make 
the material convenient for transportation, and (2) to make 
the material more convenient for remelting and incorporat- 
ing into a melt. 

A study of Table III will familiarize you with the form 
in which the more common metals intended for foundry use 
are supplied. The table also contains information per- 
taining to the use of the material, as-well as its specification 
number. 7 

You have no doubt noticed that the table includes alloys, 
as well as commercially pure metals. Both ferrous and non- 
ferrous alloys are included in the stock pile of many Navy 
foundries. , Basic alloys—aluminum alloy, bronze, nickel- 
copper, and ferro-alloys—are supplied to the foundry to 
make the production of castings easier. Also, they help the 
Molder hold the composition of the casting alloys he pro- 
duces within the limits of specifications. 


Ferrous Metals 


Before iron and steel products can be manufactured, the 
iron ore must be mined, red hematite being the most common 
commercial iron ore. The ore is converted to iron by smelt- 
ing it in a blast furnace in the presence of coke and limestone. 
In this process a chemical and physical reaction takes place 
while the ore is being reduced to a molten state. From the 
blast furnace, the molten material is poured into pigs or is 
transferred to an open-hearth furnace for further processing. 

Pra rron is composed of about 93 percent iron, 3 to 5 per- 
cent carbon, and varying amounts of other elements. It is 
used in the manufacture of gray iron castings. Pig iron is 
supplied to Navy foundries in the form of 50-pound pigs. 

INGOT IRON is a commercially pure iron—99.9 percent pure. 
This iron is manufactured by the open-hearth method. It 
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derives its name from the fact that it is cast into ingots which 
are rolled into sheets. These sheets are then sheared to the 
desired sizes. The chemical analysis, structure, and proper- 
ties of this iron and the lowest-carbon steel are practically 
the same. The difference is this: In the ingot iron, the car- 
bon content is considered an impurity. An element is con- 
sidered an impurity when it has an undesirable or an un- 
wanted effect on the product. In steel, the carbon content 
is considered an alloying element. An alloying element pro- 
duces a desired or wanted effect. The lowest carbon steel— 
“dead soft”—has about 0.06 percent higher carbon content 
than ingot iron. Molders use ingot iron in the form of 2- 
inch squares about 34, inch thick to produce low-carbon steel 
castings.. 

WROUGHT IRON is made by a process of puddling, squeezing, 
and rolling. In this way the wrought iron obtains its fibrous 
structure which provides workability. The chemical analy- 
sis of wrought iron and mild steel is practically the same. 
Due to the process of manufacture, however, there is a dif- 
ference in properties. Wrought-iron filings having a No. 4 
mesh size are sometimes used as an addition to manganese- 
bronze or when pure iron is needed in foundry operations. 

STEEL is manufactured by decreasing the amount of carbon 
and other impurities present in pig iron. About 15 pounds 
of manganese is added to every ton of pig. Manganese car- 
ries off sulfur and oxygen, which, if left in the product, 
would cause the steel to crack when the steel ingots reach the 
rolling mills. 

You'll hear reference made to BESSEMER steel, OPEN- 
HEARTH steel, and ELECTRIC steel. These terms refer to the 
method of manufacture, which is one of the ways in which 
steel is classified. Another method of classification is by the 
elements present other than iron and carbon. All steels are 
alloys of iron and carbon. In steel manufacture, controlled 
amounts of alloying elements are added to give the desired 
composition. 

Although other “workers in metals” use steel in a variety 
of shapes, the form in which it is useful to the Molder is that 
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of scrap. This scrap, along with other additions such as 
ferro-alloys, is used for the production of steel castings. 
Scrap for this purpose is usually derived from structural 
steel. It should consist of small pieces of uniform size. 

From the above, it is apparent that the only “pure” or un- 
alloyed ferrous metal is ingot iron. However, this pure, 
ferrous material is seldom used in the Navy foundry. The 
ferrous foundry materials you'll most frequently use are pig 
iron, scrap steel, and a group of alloys known as FERRO- 
ALLOYS. In this latter group of metallic materials, certain 
elements used in the production of cast irons and steels are 
already combined with a certain percentage of iron. One 
kind of ferrosilicon (FeSi), for example, contains approxi- 
mately 50 percent silicon and 50 percent iron, plus traces of 
carbon, phosphorus, and sulfur. 

Samples of the common ferro-alloys are shown in figure 
5-1. The uses of these materials in the production of iron 
and steels are indicated in Table III. 


Nonferrous Metals 


One of the most important nonferrous metals used in ship 
construction is coppER. A battleship requires about 1.000 
tons of copper material in the form of wire, pipe, tubing, 
sheet, plate, and in the copper alloys such as brass and 
bronze. Like iron, ore bearing the metallic copper must be 
mined, smelted, refined, and then processed to the desired 
form. In the foundry, copper is used in the form of 20- 
pound ingots having an over-all length from 9 to 12 inches. 

In comparison to iron, copper is a rare metal. Ores which 
bear iron usually contain 50 percent metallic iron, while the 
best copper ores contain only 5 percent metallic copper. This 
means that a great deal more copper ore than iron ore must 
be mined to get the same tonnage of metal. 

The process of extracting the metal from the ore is much 
longer for copper than for iron. First, the copper ore must 
go to concentrating mills where the gangue, or worthless rock. 
is partially removed. After this ore-dressing process, the 
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FERRO SILICON | FERRO TUNGSTEN 


Silicon 50% tron 50% Tungsten 80% iron 20 % 


F 


FERRO MANGANESE FERRO VANADIUM 
Manganese 80% Iron 20% Vanadium 36% iron 64% 


Pn. 


NICKEL SHOT FERRO MOLYBDENUM 
Nickel 99% Molybdenum 60% Iron 40% 


FERRO CHROME WASHED METAL 
Chromium 70% Iron 30% Carbon 3.5% 


COBALT PELLETS 
{00 % Cobalt . 





Figure 5—1.—Ferro-alloys used in the foundry. 


147 


ore (now bearing 20 to 25 percent metallic copper) 1s some- 
times roasted to remove the impurities. Then, the mass goes 
to a smelter. Pigs of copper obtained after this step are 
sometimes called “blister copper” because of their blistered 
appearance. These pigs are between 96 and 99 percent pure 
copper. Some of the remaining impurities are removed ina 
refining furnace. Further refining may be done at an elec- 
trolytic refinery. The final product is a copper that is more 
than 99.95 percent pure. Ingots of copper used in Navy 
foundries are made from this final product. 

Copper is an excellent conductor of electricity and has 
excellent resistance to salt-water corrosion. Its manufac- 
ture is costly in comparison to that of steel. This factor is 
one of the chief reasons why other metals are substituted 
whenever possible. 

In the foundry, the greatest use of zINc is as an alloying 
ingredient when making brass and bronze. Zinc, as you 
will most often see it, will be in the form of 60-pound slabs. 
These slabs are usually broken up into smaller pieces with 
a sledge hammer and a blacksmith’s cold chisel before the 
zinc is added to the charge. When zinc is fractured in this 
manner, the fractured area exhibits a large crystalline grain 
structure. 

Zinc is also used as a protective coating on sheet metal 
and pipe. The process by which the protective coating is 
applied to the iron or steel is known as “galvanizing.” This 
zinc protective coating has a spangled appearance having 
zinc’s characteristic mottled bluish-white color. 

Zinc is seldom used in an unalloyed form except as zinc 
protectors. When so used, the purpose of these pure-zinc 
plates (which are often cast in the foundry) is to control 
electrolysis or galvanic action which results in serious cor- 
rosion. Fora detailed discussion of the galvanic action and 
zinc protectors, see the Bureau of Ships Manual, Chapter 
12-6 and Chapter 46-45. 

Leap will probably be the heaviest metal you’ll handle. 
In the foundry, lead is usually in the form of 80- to 100- 
pound pigs. Normally, its surface is rather grayish in 
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color; however, when scratched or scraped, lead’s surface 
is white. Lead is sometimes used in the manufacture of 
bearing metals and high-lead, bronze alloys. Also, when 
alloyed with various proportions of tin, common soft sol- 
ders are formed. 

TIN is a white, lustrous metal, having a faint blue tinge. 
It is seldom used as is. As an alloying element, however, 
tin has many important uses, the most important being in 
the production of bronzes and antifriction bearing metals. 
In this latter application, the tin content is often as much 
as 89 percent. For foundry use, tin is supplied in the 
form of pigs. 

NICKEL is an important alloying element in the manufac- 
ture of both ferrous and nonferrous casting alloys. Nickel 
is a white metal and is available in many forms. Usually 
though, it is supplied as squares clipped from sheet, or as 
shot having a mesh size between 8 and 10. As an element 
in ferrous alloys, nickel increases strength without decreas- 
ing toughness. Nickel also increases machineability and 
resistance to corrosion. .As an element in nonferrous alloys, 
nickel, when alloyed with copper, enhances corrosion re- 
sistance and gives high strength. Some specialized com- 
mercial foundries produce pure nickel castings, but in the 
Navy nickel is always used as an alloying element. 

MAGNESIUM is silvery-white in color and is the lightest 
. metal used by the Molder. Various magnesium alloys are 
extensively used in the aircraft industry. Navy Molders, 
however, use magnesium principally as an alloying element 
in aluminum alloys, or as a deoxidizing agent in the manu- 
facture of nickel-copper (Monel) alloys. Although mag- 
nesium is available in ingot form, Navy foundries use it in 
the form of 12-inch sticks having a diameter slightly greater 
than one inch. | 

ANTIMONY is another silvery-white metal supplied in in- 
gots or slabs weighing about 43 pounds. Although not as 
heavy as nickel, antimony is almost four times as heavy as 
magnesium. Like zinc, antimony is very brittle and ex- 
pands slightly when it solidifies (changes from a liquid to 
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a solid metal). This latter unusual property makes it val- 
uable in such alloys as type-metal. Antimony also imparts 
harduess to nonferrous metals. For that reason, it is fre- 
quently used in bearing alloys and babbitts as well as type- 
metal. In other metals such as brass, bronze, and aluminum 
alloys, antimony has a detrimental effect. In addition, all 
antimony compounds including its fumes, are poisonous. 

ALUMINUM is a bluish-white metal that becomes covered 
with a fine film of oxide when exposed to the atmosphere. 
It is being used more and more in ship construction because 
of its light weight, easy workability, good appearance, and 
other desirable properties. Pure aluminum is soft and is 
seldom used in its unalloyed form because it is not hard or 
strong enough for structural purposes. Aluminum is im- 
proved by the addition of other elements to form aluminum 
alloys. Both commercially pure aluminum and aluminum 
alloy for remelting are available in the form of ingots weigh- 
ing about 10 pounds. 

ALUMINUM ALLoys usually contain 90 percent aluminum or 
more. When elements such as silicon, magnesium, copper, 
nickel, iron, and manganese are added in the correct propor- 
tions, alloys stronger than mild steel may be produced. On 
the other hand, pure aluminum is only about one-fourth as 
strong as steel. 

There are now so many different aluminum alloys that 
they are designated by numbers—2, 3, 4, 17, 24, 52, etc. These 
numbers indicate the content of aluminum alloy. Letter 
symbols are used to indicate the method of manufacture and 
the cold-worked or heat-treated condition of the metal. For 
example, wrought aluminum alloys—those used for rolling, 
pressing, and hammering—are indicated by an S. Commer- 
cially pure aluminum is classified as 2S. The alloy formerly 
called “duralumin” is now classified as 17S-T. The T means 
the metal is heat-treated. 

ANTIFRICTION METAL is a tin-base bearing alloy supplied 
in 10-pound ingots. This material is supplied in alloyed 
form to insure that bearings having consistently good prop- 
erties may be poured with minimum variation. This does 
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not relieve the Molder of the responsibility of making bear- 
ing metals; it just makes the job of pouring bearings easier, 
particularly, since 46—-M-2 antifriction metal is the standard 
Navy white-metal babbitting material. 

Bronze ingots, weighing 20 pounds, are supplied to Navy 
foundries for remelting purposes. Two bronzes—Navy M 
and manganese bronze—are usually available. Grade I 
bronze ingots are used in general-purpose castings that meet 
_ the requirements of Navy specification 46-B-8. In general, 
these castings are not subjected to high stresses nor to tem- 
peratures exceeding 425° F. However, where resistance to 
corrosion is required, these alloys are highly satisfactory : for 
example, in making low- and medium-pressure valves and 
such fittings as hose couplings. | 

Grade V bronze ingot is a manganese bronze used to make 
castings that meet the requirements of Navy specification 
49-B-3.. Castings produced from this material are highly 
resistant to salt-water corrosion and have a relatively high 
tensile strength. Examples of its use are propellers, hubs, 
and worm wheels. 

PHOSPHOR-COPPER ALLOY is used exclusively in the produc- 
tion of bronzes. The high phosphorus content (14 percent) 
of this material serves as a deoxidizing agent. Although 
phosphor-copper is also available in 15- to 20-pound slabs 
and ingots, it is usually supphed in the form of 14-inch- 
diameter shot. 

NICKEL-COPPER ALLOY is available in ingot form. This 
material is produced by the Norfolk Naval Shipyard and is 
intended for use in the production of castings covered by 
Navy specification 46-M-1. The ingots, as received, weigh 
5 pounds. Their exterior appearance is somewhat similar 
to that of unpolished, stainless steel. 

Frequently, nickel-copper alloy is known as “Monel.” 
This alloy contains from 60 to 68 percent nickel. about 30 
percent copper, and small amounts of iron, manganese, and 
cobalt. Monel has extra-high corrosion-resisting proper- 
ties. For this reason, it is used to produce cast valves and 
other fittings that must resist corrosion. 
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THE MEANING OF SPECIFICATIONS 


All metals and other materials used by the Navy—no mat- 
ter what their form—must meet rigid requirements before 
they are accepted from the manufacturer. Further, all cast- 
ing alloys produced m the foundry must also meet certain 
requirements. These requirements are agreed upon by the 
bureaus concerned and are written up in the form of 
SPECIFICATIONS. 

Specifications not only assure high-quality materials, they 
also serve as a guide in the production of castings. Speci- 
fications covering casting alloys stipulate the percentage of 
elements (chemical analysis) making up the alloy and also 
specify the kind of tests the material must meet. During 
the course of your naval career, you will have many occasions 
to be concerned with specifications. Your greatest concern. 
of course, is to produce castings that meet the requirements 
of the specifications. In all probability, the specifications 
listed in Table IV are available in your foundry. Look 
them over and familiarize yourself with their contents. We 
shall have more to say about the more commonly used alloys 
listed in the table when we discuss specific casting alloys in 
greater detail in Chapter 10. 


TaBLE I1V.—Specifications Used in the Foundry 





Specification Name Use 
46§-A-1]______-- Aluminum Alloy---| Where aluminum sand castings 
are required. 
46-B-5_______- Phosphor Bronze__| Medium-strength castings ex- 


posed to salt water or where 
good bearing qualities are 


essential. 
46-B-8__ Valve Bronze | General-purpose bronze for low- 
(Comp. M). and medium-pressure valves 
and similar fittings. 
46-B-10_______) Naval Brass | General-purpose brass used for 
(Comp. N). handwheels and fittings not 
' subjected to pressure. 
46—B-11___-_-- Commercial Brass. A cheap brass used for name 


plates, handrail fittings, and 
similar applications. 
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TABLE 1V.—Specifications Used in the Foundry—Continued 


Specification 


= MIL-S-867__--- 


MIL- S-870_____ 


MIL-S-15083___ 
MIL-S-15464___ 


990618°— 52 





Name 


Hydraulic Bronze.. 


Gray Cast Iron___ 


Gray Cast Iron___ 


Gray Cast Alloy 
Iron. 


Nickel-copper Al- 
loy (Monel). 


Antifriction Metal 
Bronze (Comp. G) 


Steel, Corrosion- 
Resisting 


Carbon - Molyb- 
denum Alloy 
Steel. 


Manganese-Bronze 


Cast Steel 

Chrome-Molyb- 
denum Alloy 
Steel 
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Use 


Satisfactory for valves and fit- 
tings subjected to pressures 
not exceeding 350 p. s. i. 

Torpedo tubing castings. 

High-test castings for internal 
combustion engine cylinders, 
bearing pedestals, and gland 
casing where temperature 
does not exceed 425° F. 

Ordinary cast iron, used for 
machinery parts such as fur- 
nace parts and flywheels. 

Scale resisting cast iron suitable 

\ for parts requiring resistance 
to corrosion in acid, caustic, 
and salt solutions. 

Used where high resistance to 
corrosion and strength are 
requisites in high-pressure 
valves. 

For lining bearings. 

General-purpose bronze suit- 
able for all applications 
where temperature does not 
exceed 425° F. and medium 
strength is required. 

Used when part is subject to 
severe chemical-corrosive 
conditions. 

For use in superheated steam 
systems operating at tem- 
peratures from 650° F. to 
850° F. 


- Where strength and corrosion 


resistance are primary re- 
quirements; propeller blades, 
hubs, and worm wheels. 
For ordinary steel castings. 
For use in superheated steam 
svstems at temperatures over 
850° F. 


IDENTIFICATION AND TESTING 


Many metals are identifiable by their color, weight, and 
general surface appearance. The more experienced a man 
is with metals, the better able he is to identify the various 
metals and alloys. However, the exterior appearance and 
weight of many metals are so similar that sight and feel 
alone cannot be relied upon to identify them. This is par- 
_ ticularly true of the large variety of steels. Tool steel, struc- 
tural steel, and cast steel look and weigh about the same, but 
there is a world of differences among them. Therefore, some 
method other than a “sight test” is often necessary for the 
purpose of identification. 

Numerous tests have been devised to identify, analyze, and 
determine the physical properties of metal. Many of these 
tests require a laboratory or other special facilities. Never- 
theless, there are some simple tests that may be conducted 
in the foundry with little or no special equipment. For ex- 
ample, the spark test and the chip test are practical tests that 
may be employed to identify the more common metals and 
alloys used by Molders, Metalsmiths, Pipe Fitters, and Ma- 
chinery Repairmen. Another easily performed test is the 
file test. It is used to determine the hardness of metals. 
With either of these tests the results obtained depend upon 
how well the operator adapts his sense of sight and touch 
to the test method. . 

The simplest method of identification, of course, is based 
on the metal’s exterior appearance. Table V indicates the 
surface color of the more common metals. Study the chart 
and learn the colors of known samples of metals under the 
conditions indicated. Appearance is helpful but often in- 
adequate for positive identification. Therefore, other tests 
must frequently be utilized. 


Hardness Testing 


Most metals possess some degree of hardness; that is, an 
ability to resist penetration. Some metals are very hard, 
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while others are comparatively soft. This difference in hard- 
ness is frequently useful for purposes of identification, espe- 
cially for distinguishing hard tool steels from the softer 
structural steels. However, these tests are more frequently 
used to determine hardness after a metal’s properties have 
been modified by heat treatment than to determine the iden- 
tity of metals and alloys. This use of hardness testing will 
become evident when you become familiar with heat treating 
and its purpose (see Chapter 11). 

There are two methods for determining the hardness of 
metals: (1) special hardness-testing machines, and (2) file 
tests. With either test—machine or file—satisfactory results 
depend upon skillful performance. The greatest accuracy, 
of course, is obtained by conducting the test with a hardness- 
testing machine. Nevertheless, for many purposes, the test 
results obtained manually with a file are adequate. 

The simplest hardness-testing method employs an ordi- 
nary mill file. To determine a metals hardness with the 
FILE TEST, rub the metal surface to be tested with the file’s 
teeth. Hold the file and the test piece firmly, and move the 
file slowly over the metal’s surface. Do not use excessive 
pressure. Remove the file as soon as it “bites” into the metal. 

Test results are based on the action resulting between the 
file and the metal. If the file bites into the metal easily, the 
metal is soft. If the file slides over the metal surface, and 
metal is removed only with difficulty (or not at all) the test 
surface is very hard. Intermediate hardnesses are deter- 
mined in a similar manner. 

To obtain satisfactory results with the file test requires 
considerable experience. This experience is best gained 
through comparisons with MASTER TEST BLOCKS. These blocks 
are merely pieces of metal whose exact hardness is known. 
By using test blocks, the error of file testing may be partially 
eliminated. For example, rub the file over the test piece; 
then find the test block whose hardness compares with the 
piece being tested. Test blocks may also be used to train 
yourself to recognize different hardness values. 

File testing is an art acquired by experience; it is not an 
exact or scientific method. However, the file test often 
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proves valuable in testing the hardness inside of holes, in the 
bottoms of grooves, and on oddly shaped pieces that are in- 
accessible to machines. It is also a good substitute when a 
hardness-testing machine is not available. 

The ROCKWELL HARDNESS TEST is probably mentioned more 
frequently than others. Its principle is one of measuring 
the indentation in a piece of metal made by a ball or cone 
of a given size under a given pressure. A 120° diamond 
cone is used to make impressions in the harder metals, and 
a ¥4,-inch steel ball is used for the softer metals. A dead 
weight, acting through a series of levers, is used to press 
the cone or ball into the surface of the metal to be tested. 
Then the depth of penetration is measured. The softer the 
metal the deeper the impression will be under a given load. 
The average depth of penetration on the softest steel is only 
about .008 of an inch. The hardness is indicated on a dial 
indicating the Rockwell B and the Rockwell C hardness 
scales. The harder the metal the higher the Rockwell num- 
ber will be. For testing hard steels, the diamond point 
should be used and the results should be read on the C scale. 
_ For nonferrous metals the B ball is used and the results are 
read on the B scale. Figure 5-2 illustrates the Rockwell 
tester. The following step-by-step procedure will show how 
it is used: 


1. Place the piece to be tested on the testing table. The 
testing table is also called the “anvil.” 

2. Turn the wheel elevating the testing table until the 
piece to be tested comes in contact with the testing cone 
or ball. Continue to turn the elevating wheel until the 
penetrator grips the sample. 

3. Turn the retainer flange on the dial face of the gage - 
to set the dial zero behind the pointer. 

4. Push the handle back an inch to release the weights 
and apply the major load, which is 150 kg. for hard 
metals tested with the diamond cone. Weights of 100 
kg. are used for testing softer metals with the steel 
ball. 
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5. Pull the handle forward, thereby removing the major, 
but not the minor, load. This will leave the ball in 
contact with the specimen but not under pressure. 

6. Observe where the moving pointer comes to rest. 

T. Read the ROCKWELL HARDNESS NUMBER on the dial, under 
the pointer. 

Other hardness-testing machines—Brinell, Scleroscope. 

Monotron, and Vickers—are frequently available aboard 
repair vessels and at repair bases. None is difficult to op- 
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Figure 5—~2.—A Rockwell hardness tester. 
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erate. If these machines are available, learn to use 
them. But whether they are available or not, become fa- 
miliar with the art of file testing. It may be the only method 
at your disposal to determine the hardness of a metal. 


Chip Test 


The chip test is made by removing a small amount of ma- 
terial from the metal specimen with a sharp cold chisel. 
The material removed will vary from small, broken frag- 
ments to a continuous strip. The chip may have smooth, 
sharp edges, may be coarse-grained or fine-grained, or it 


TABLE VI.—Chip Characteristics of Common Metals 


Metal Characteristics 


— ee ee 


Gray Cast Iron_______ The chips are about %’’ in length. It is not 
easily chipped, as the chips break off, pre- 
venting a smooth cut. 

Low-Carbon and Cast | The chips have smooth edges and may be 


Steel. continuous if desired. It is easily cut or 
chipped. 
High-Carbon Steel_____ The chips show fine grain fracture, their edges 


are lighter in color than those of low- 
carbon steel, and they may be continuous 
if desired. The metal is hard, but can be 
I chipped. 
Copper-_-___----------- The chips are smooth, have saw edges where 
| cut, and can be continuous where desired. 
It is easily cut. 
Brass and Bronze______ The chips are smooth and have saw edges. 
l It is difficult to obtain a continuous chip. 
Brass and bronze are easily cut but more 
brittle than copper. 
Aluminum and Alumi- | The chips are smooth, have saw edges, and 


num Alloys. can be continuous if desired. 
Monel Metal---------- The chips have smooth edges, and may be 
continuous if desired. It chips easily. 
Nickel.... 2. L. The chips have smooth edges and can be 
continuous if desired. It chips easily. 
[680 ooh a 22 8 Sie Any shape of chip may be obtained because 


of the softness of the metal. It is soft 
enough to cut with a knife. 





may have saw-like edges. The size of the chip is important 
in identifying the metal. The ease with which chipping 
takes place is also important. Try chipping various metals 
of known kinds, and examine the chips until you are sure 
you can recognize them the next occasion you have to see 
them. 

The information in Table VI will pen you to recognize 
the more common metals. 


Spark Test 


The spark test is the most used shop method for the classi- 
fication of steel. This test is made by holding a sample of 
material against a power grinder. By visually inspecting 
the spark stream, an experienced metalworker can identify 
metals with considerable accuracy. The test is fast, economi- 
cal, convenient, and easily accomplished. No special equip- 
ment is required. The test is used for such jobs as identi- 
fying a piece of metal selected from scrap. This test will 
make the salvaging of small pieces of scrap possible where 
other means of analyzing for identification would be imprac- 
tical. Identification of scrap is particularly important when 
assembling material for a cast-iron or cast-steel heat. 

When a piece of steel is held in contact with a high-speed 
emery wheel, small particles of the metal are torn loose so 
rapidly that they become red hot. As these glowing bits of 
metal leave the emery wheel, they follow a path (trajectory) 
called the “carrier line.” This carrier line is easily followed 
with the eye, especially if observed against a dark back- 
ground. 

The sparks given off. or the lack of sparks, assist in identi- 
fying the metal. The length of the spark stream, its color, 
and the type of sparks are the features for which you should 
look. There are four fundamental spark forms produced 
when a sample is held against a power grinder. These funda- 
mental forms are illustrated in figure 5-3. 

Shown at A in figure 5-3 are the shafts, bud, break, and 
arrow. The arrow, or spear head, is characteristic of 
molybdenum, a metallic element of the chromium group 
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which resembles iron and is used in forming steel-like alloys 
with carbon. The swelling, or bud, in the spark line indi- 
cates nickel with molybdenum. B shows the shafts and 
sprigs (or sparklers) which indicate a high-carbon content; 





C D 


Figure 5~3.—Fundamental spark forms. 
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C shows shafts, forks, and sprigs which indicate a medium- 
carbon content; and D shows shafts and forks which indicate 
a low-carbon content. | 

A greater amount of carbon present in a steel will cause 
a greater intensity of bursting in the spark stream. To 
understand the cause of the bursts, remember that while the 
spark is glowing and in contact with the oxygen of the air, 
the carbon present in the particle is burned to carbon dioxide 
(CO,). As the solid carbon is transformed to CO, in the 
gaseous state, it increases in volume and builds up a pressure 
that is relieved by an explosion of the particle. An examina- 
tion of the small steel particles under a microscope when 
they are cold reveals a hollow sphere with one end completely 
blown away. 

Steels that have the same carbon content but differing 
alloying elements.are not always easily identified because 
alloying elements affect the carrier lines, the bursts, or the 
forms of characteristic bursts in the spark picture. The 
effect of the alloying element may retard or accelerate the 
carbon spark, or make the carrier line lighter or darker in 
color. Molybdenum, for example, appears as a detached, 
orange-colored, spearhead on the end of the carrier line. 
Nickel seems to suppress the effect of the carbon burst. How- 
ever, the nickel spark can be identified by tiny blocks of 
brilliant white light. Silicon suppresses the carbon burst 
even more than nickel. When silicon is present, the carrier 
line usually ends abruptly in a white flash of light. 

Spark testing may be accomplished with either a portable 
or stationary grinder. In either case, the speed on the outer 
rim of the wheel should be not less than 4,500 feet per minute, 
and the grinding wheel should be rather coarse and very hard. 

To make a spark test, hold the piece of metal on the 
wheel in such a manner that the spark stream crosses your 
line of vision. You'll need to spend a little time to dis- 
cover at just what pressure vou must hold the sample to get 
a stream to the proper length without reducing the speed of 
the grinder. Do not press against the wheel too hard. 
Excessive pressure will increase the temperature of the spark 
stream, which in turn increases the temperature of the burst, 
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thereby giving the appearance of a higher carbon content 
than that of the metal being tested. 

When making the test, keep your eye focused at a point 
about one-third the distance from the tail end of the spark 
stream. Watch only those sparks that cross your line of 
vision. After a little while, you'll form a mental image of 
the individual spark. Fix this spark image in your mind; 
then, examine the whole spark picture. 

Referring now to figure 5-4, notice that in low-carbon 
steel (2) the spark stream is long (about 70 inches normally) 
and the volume is moderately large. In high-carbon steel 
(3) the stream is shorter (about 55 inches) and the volume 
larger. The few sparklers which may occur at any place 
in low-carbon steel are forked, while in high-carbon steel 
they are small and repeating. Both metals produce a spark 
stream white in color. 

Gray cast iron (4) produces a stream of sparks about 25 
inches in length. The sparklers are small and repeating 
and their volume is rather small. Part of the stream near 
the grinding wheel is red, while the outer portion is straw- 
colored. 

Nickel and Monel metal (6) form an almost identical 
spark stream. The sparks are small in volume and orange 
in color. The sparks form wavy streaks with no sparklers. 
Because of the similarity of the spark picture, these metals 
must be distinguished from each other by some other method. 
Copper, brass, bronze, and lead form no sparks on the 
grinding wheel but are easily identified by color, appear- 
ance, or the chip test. 

The end product of the foundry is a metal cache But, 
in order to produce a satisfactory casting, the Molder must 
be able to identify his stock. Frequently, identification re- 
quires testing. Before you can make practical use of the 
simple tests described in this chapter, you must train your 
eye to recognize the characteristics of the various metals. 
Make practice tests on known samples of metal. Study 
the reactions of metals to various tests so that you can 
identify metals with accuracy. 
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Figure 5—4.—Spark pictures formed by common metals. 
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To produce a sound casting, the Molder needs a knowledge 
of metals and an ability to recognize them, not only by their 
surface appearance, but by other means as well. Further, 
since the Molder combines various metallic elements to pro- 
duce a casting intended for a specific application, he needs 
to be familiar with the specifications that cover the cast 
alloys he produces. And last but not least, the Molder 
needs to know the uses to which metals and alloys are put. 
The data in Tables IT, III, and IV are intended to help you 
gain a knowledge of metals. Additional information on the 
uses of shipboard metals is available in Section S1-2, Gen- 
eral Sepecifications For Machinery For Vessels Of The 
United States Navy. Remember, familiarity with metals is 
fundamental to the production of sound castings. 


QUIZ 


1. Of what value are metal symbols to Molders? 


N 


. How is the specific gravity of a metal determined? 


@ 


. What is the basic difference between ferrous and a nonferrous 
metal? 


. What is the principal use of ferrosilicon? 
. What basic elements make up pig iron’s composition? 
How is wrought iron manufactured? 


+ > Ol 


. To obtain the same tonnage of metal, why does more copper ore 
than iron ore have to be mined? 


OO 


. What is the greatest use to which zinc is put in the foundry? 
9. What is the effect of nickel, as an alloy, in ferrous alloys?. 
10. Why must antimony be worked with care? 


11. What is the advantage of having antifriction metal available in 
the foundry? | 


12. What is the outstanding property of Monel (nickel-copper alloy) ? 


13. What information may be obtained from the specifications for 
foundry metals? 


14. What must the Molder do to make successful chip, spark, and file 
tests? 


15. What is the simplest metal identification method? 
16. Under what special conditions are file tests valuable? 
17. What are the chip characteristics of cast iron? 


18. What effect does the presence of a large amount of carbon have on 
the spark stream obtained in a spark test? 
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CHAPTER 6 


MOLDING MATERIALS 
THE ORIGIN OF SAND 


Particles of sand were originally a part of boulders and 
mountains which were produced by molten lava erupted from 
the bowels of the earth. When the lava had subsequently 
cooled, it solidified and formed various solid rock formations. ` 
Through numerous geological ages, each measured in millions 
of years, such “natural machines” as wind and weather, rain 
and snow, and heat and cold worked to fracture rocks and 
wear away mountains. Particles thus obtained were trans- 
ported to, and deposited in, lower levels by wind and water. 

During the long period that the rock particles “travel” to 
the deposits in which we find them, certain chemical reactions 
take place that cause further decomposition of the original 
rock. This chemical breakdown is very complex. For our 
purpose though, it is sufficient to know that the substance, as 
we find it, consists of three basic materials—quartz, feldspar, 
andclay. By the way of definition, quartz—a form of silicon 
oxide (SiO,)—is a hard, heat-resistant material; feldspar— 
a constituent of all rock formations—is second only to silica 
in hardness and heat resistance; and clay—commonly called 
mud—is a plastic material when wet, and hard when baked 
dry. 

Sands from different deposits contain quartz, feldspar, and 
clay in various proportions. And, because these elements 
are present in different amounts, the characteristics of the 
sand differ from one deposit to another. There are many 
reasons for these differences in composition. First of all, 
sands originate from different rock formations, and like 
human beings have a variety of backgrounds. In addition, 
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other factors such as the age of the deposit, the distance the 
particles have traveled from their source, and the method of 
transportation—Trivers, lakes, or winds—have an effect on the 
material. 

Each factor contributes its bit to the sand in a particular 
deposit. Through age alone, feldspar is slowly transformed 
into clay. The wear of distant travel causes the individual 
grains to become smoother and rounder. And, while being 
transported through water, portions of clay are washed away. 
Finally, wind and water serve to segregate and classify sands 
to uniform size. Thus, Nature not only produces sand, she 
makes it available in various grades. Probably the best 
known of natural sands is Albany, a natural bonded sand. 
Natural bonded sands are suitable for many, but not all, 
applications. 

The production of a quality casting depends largely upon 
the properties of thè sand utilized and the method of its 
preparation for use. Since the quality of the casting de- 
pends in large measure upon the sand in which it is cast, it 
is important that the Molder understand the characteristics 
of foundry sands. It is important also that he be able to dis- 
tinguish between good and poor sand conditions. To under- 
stand sand it is necessary to understand the technical 
terminology involved. The section immediately following 
. will help to clarify the terms commonly used to describe the 
properties of sand. An understanding of sand terminology 
is the foundation upon which a knowledge of molding and 
core making may be built. 


SAND TERMINOLOGY 


Many terms are used to describe foundry sands. Some 
are self-explanatory. Others are of minor importance. We 
will concern ourselves only with the more important ones. 
Among the important terms pertaining to foundry sands are 
texture, grain fineness, and grain class, bond, refractoriness, 
sintering point, permeability, flowability, strength. and 
moisture content. The following paragraphs will define 
and illustrate these terms. 
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TExTuRE refers to the relative smoothness of a material to 
“feel” or, more precisely, to the manner in which the par- 
ticles of substance are united. The texture of sand is influ- 
enced by several factors, the most important of which are 
grain size, grain distribution, grain shape, and bonding 
agent. 

The grain size of sand particles varies over a wide range. 
Some grains are as large as No. 6 wire-mesh screen opening 
(0.1320 inch). Other grains are so small they pass through 
a No. 270 wire-mesh screen (0.0021 inch) opening. The size 
of the particles, their distribution, and the grain fineness 
number of a particular sand are determined by a screen 
analysis. 

A screen analysis consists of passing a sample of sand 
through a series of interlocked sieves, measuring the per- 
centage retained on each sieve, and calculating the average 
grain size in the sample through a procedure standardized 
by the American Foundrymen’s Association. The result 
obtained is the GRAIN FINENESS NUMBER. Assuming that a 
sample of sand has been given a screen analysis, the follow- 
ing example will illustrate how the grain fineness number is 
calculated. 

Although you will not be concerned with screen analyses, 
you should know something about grain fineness numbers. 
A small fineness number indicates a sand having large 
grains; a large number indicates a sand having smal] 
grains. For example, a grain fineness number of 50 indicates 
a coarse sand, while a grain fineness number of 140 indicates a 
fine sand. 

Since a sample of sand is made up of particles having sev- 
eral different grain fineness numbers, another system, the 
AFA GRAIN CLASS NUMBER, has been devised to classify sands. 
An AFA grain class number indicates a sand, the majority 
of whose grains are within a specified range. For example, 
a grain class 3 sand is one made up predominantly of parti- 
cles having a grain fineness number (as determined by a 
screen analysis) from 100 to 140. 
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a 150 grain fineness number. 


Thus far we have seen that grains of foundry sand are 
given a number according to their size and that sand parti- 
cles vary through a wide range of sizes. Further, we have 
seen that a given sand contains a variety of grain sizes, and 
that a particular sand is given a grain class number deter- 
mined by the grains in greatest predominance. In addi- 
tion to grain size and distribution, another factor influences 
the texture of foundry sand. This factor is grain shape. 
See figure 6-1. 

A grain of sand may be large and coarse, round and smooth, 
or angular and sharp. Large coarse grains show evidence of ` 
weathering in that their surfaces are rather pockmarked. 
Medium grains usually have angular surfaces because they 
are derived from larger grains that have been fractured 
and, thus, have sharp edges and flat sides. Small round 
grains have a smooth surface. These particles are well 
rounded and smooth because of the friction they encountered 
while travelling the great distance from their original source. 
The texture of sand, including grain size, grain shape, and 
grain distribution, is not important in itself. Texture is 
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Figure 6—1.—Grain shape classification: A, rounded; B, subangular; C, angular; 
D, compound. 


significant only because it is responsible for other properties 
or characteristics of foundry sands. f 

The goNp of a foundry sand is the material which holds 
the sand together. Bonding agents are of two types—nat- 
ural and artificial. Natural bonding agents are clays con- 
sisting of oxides or silicates of iron and aluminum. Artificial 
bonds, or binders, are such materials as starch, glucose, 
molasses, rosin, and plastic. 

Clay is the principal bonding material found in all mold- 
ing sands. Sands having a clay bond containing a consid- 
erable percentage of iron oxide have a smooth feel, while 
sands whose clay bond consists principally of aluminum 
oxide have a harsh feel. Most clay has the ability to absorb 
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and retain large quantities of moisture for a relatively long 
time. However, sands bonded with aluminum-oxide clay 
dry out rapidly when exposed to air. 

To serve its purpose satisfactorily, the bond must be uni- 
formly distributed and must form a thin layer around each 
grain of sand. See figure 6-6. When the bond is uniformly 
distributed, and a suitable quantity of moisture is added, 
a foundry sand possesses cohesiveness and strength. In other 
words, the bonding agent, with moisture, holds the sand 
in shape and in position while the pattern is withdrawn, 
while the mold is moved, and when molten metal flows into 
the mold. However, a molding sand should contain only 
those amounts of bond and moisture necessary for work- 
ability. Any excess of either bond or moisture (or both) 
affects the properties of the sand and. thus, the casting’s sur- 
face characteristics. 

The REFRACTORINESS, or resistance to high temperature, of 
a foundry sand depends upon the composition of the mate- 
rial; that is, the amount and purity of the quartz present, 
and the manner in which other elements as well as quartz 
are chemically combined. Quartz itself has a fusion point 
higher than that of iron or steel, but when lime in the form 
of calcium-silicate or calcium-oxide is present, the fusion 
point of quartz is lowered because these compounds act as 
a fluxing agent. Lime in any form is harmful to the re- 
fractoriness of molding sand. 
= Refractoriness is important because it assures that the sand 
will strip clean from the casting. If a sand is not refrac- 
tory, it will burn onto the casting. However, burn-on may 
occur even though the sand has a high fusion point. Burn-on 
may occur if grain size, grain shape, and grain distribution 
are not uniform, or, if the wrong class of sand has been se- 
lected for the job at hand. 

The refractoriness of a molding sand is frequently ex- 
pressed by its SINTERING POINT; that is, the degree of tem- 
perature at which a particular sand will break down and 
burn onto the casting. In all cases, the sintering point of 
the sand on the surface of the mold cavity must be higher 
than the temperature of the molten metal from which the 
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casting is poured if burn-on is to be avoided. For example, 
the sintering point of a sand suitable for brass, bronze, and 
aluminum castings is 2350° F.; for heavy cast-iron parts 
a sintering point of 2500° F. is required; and for heavy steel 
sections, the molding sand’s sintering point must be 2700° F. 
or higher. In each of the above instances, the minimum 
sintering point is indicated. Many molding sands do not 
sinter at a temperature of 2900° F. 

PERMEABILITY is a measure of the ability of a sand to per- 
mit gases to pass through the mold. Permeability depends 
largely on the size and shape of the grains, the amount of 
clay and other finely divided material, the distribution of 
clay in relation to the other particles in the sand, the moist ure 
content, and the amount of ramming. 

A sand having low permeability is one that contains a large 
proportion of fine grains including clay and silt; a sand 
having high permeability is one having a greater proportion 
of large grains. The manner in which individual grains are 
packed in relation to each other, as well as the shape of the 
various grains, also affect permeability. In fact permeability 
is affected by anything that increases the resistance of the 
sand to the passage of gases. For example. a sand composed 
entirely of No. 40 mesh-size grains may have a permeability 
of 500. Ifa 10-percent addition of 140-mesh sand is added, 
permeability may be reduced to 250. And, if another 10 
percent (making a total of 20 percent) of 140-mesh sand is 
added, the permeability may be reduced to 130. A reduction 
to a permeability of 35 may be effected by using a 270-mesh 
sand instead of the 140-mesh sand. In other words, small 
amounts of fine materials have a tremendous effect on per- 
meability because they fill the voids between the larger grains. 
For that reason, an excess of clay is detrimental because the 
excess clay fills the void spaces between grains, thus making 
the sand less permeable. 

Figure 6-2 illustrates what happens in a mold when molten 
metal suddenly enters. At A, where the space between grains 
is largest, little resistance to the passage of gas through the 
mold occurs. At C, though, a great deal of back pressure 
builds up because the free escape of gas is not possible. 
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Figure 6—2.—Degrees of permeability. 


It is important to use a molding sand that has the proper 
permeability because that property of sand may affect the 
casting’s surface finish. If gases pass too freely through the 
sand, rough castings may result. On the other hand, if the 
sand’s permeability is too low, blow holes or similar defects 
may occur due to back pressure of gas which cannot escape 
through the mold. For the most part, the permeability a 
sand should have depends on the job. In general, though, a 
permeability from 15 to 30 1s considered good for fine sands 
(grain class 3) from 25 to 45 for medium (class 4) sands, and 
from 50 to 120 for coarse (class 5) sands. 

FLowasiLity is that property of sand that enables it to 
move freely and pack uniformly. A molding sand lacking 
the quality of flowability does not permit the grains of sand 
to arrange themselves satisfactorily around the various con- 
tours of the pattern. A sand which has satisfactory flow- 
ability properties permits the production of a mold cavity 
that is true to the pattern in every detail. In other words, a 
flowable sand (shown at A in figure 6-3) “rams up” without 
the formation of void pockets on the face of the mold. On 
the other hand, a sand that does not flow properly (B in 
figure 6-3) causes fuzzy and inaccurate reproduction of pat- 
tern details. When this occurs, the casting is inaccurate and 
probably unsatisfactory for use. 
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Figure 6—3.—The preperty of flowability. 


The flowability of a molding sand depends on grain size 
and shape, bond distribution, and moisture content. Round 
grains move more freely than angular grains. Round 
grains, therefore, increase flowability and angular grains de- 
crease flowability. A sand consisting entirely of round 
grains is usually unsuitable because it does not possess sufħ- 
cient rigidity to hold its shape after pattern removal. 

To obtain a sand having satisfactory flowability with suffi- 
cient rigidity, the Molder uses a combination of round and 
angular grains together with a uniformly distributed bond- 
ing agent admixed with the proper amount of moisture. 
Grain distribution and grain shape are taken care of when 
the sand is purchased by the supply department. Providing 
adequate bond distribution and moisture is up to the Molder. 
This important task is discussed in detail in a subsection of 
this chapter entitled “Preparing Sands for Use.” 

The srreNcTH of a molding sand is a measure of sand’s 
resistance to collapse or disintegration during the casting 
process. Usually, strength is expressed in terms of a sand’s 
ability to withstand a compressive force without losing its 
shape; for example, it may have the ability to resist a com- 
pressive force of 9 pounds per square inch. 

A sand’s property of strength is also expressed as its shear 
strength or its tensile strength. These are measures of the 
sand's resistance to forces that tend to sever a rammed sample 
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of sand. Like compressive strength, shear strength and ten- 
sile strength are expressed in pounds per square inch. ‘These 
values—compressive, tensile, and shear—are determined with 
laboratory testing equipment. 
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Figure 6—4.—A simple test for strength. 


There is a simple strength test that may be conducted in 
the shop without the use of special equipment. To conduct 
this test, as illustrated in figure 6-4, ram up a bar of molding 
sand 1”x1”>x6”. Place the test bar on a flat plate and 
gently push the bar lengthwise over the edge of the plate. 
Carefully note the distance the bar overhangs without break- 
ing. A test bar which overhangs less than 2 inches indicates 
a sand having poor strength; an overhang of 21% inches indi- 
cates a sand having fair or medium strength; and an over- 
hang greater than 3 inches indicates a sand having good 
strength. | 
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The above test is used to determine a sand’s GREEN 
STRENGTH; that is, a sand that is tempered or has a moisture 
content between 2 and 8 percent. A sand’s green strength 
depends upon the plasticity and cohesiveness of the moist- 
ened bonding agent. Green sand, incidentally, is the mate- 
rial most frequently used in Navy foundries. 

When green sand is rammed and then dried out so that all 
moisture is removed from the film of clay binding the grains 
together, a hard skeleton of clay binder remains. A sand 
thus treated is known as “dry sand.” The pry sTRENGTH 
of a molding sand is 6 to 10 times its green strength. 

The foregoing properties are developed through sand 
control. This control is an important phase of modern 
foundry operations. Its purpose is to provide a molding 
material that will produce satisfactory castings. In large 
measure, sand control begins with the procurement of sand 
from a commercial producer. This phase of sand control is 
handled by the supply department. Supply procures only 
those molding materials which meet the rigid specifications 
of the Bureau of Ships. Those specifications stipulate the 
grain size, distribution, clay content, and other factors. 
Thus, the Navy Molder is assured of suitable raw materials. 

Satisfactory raw materials are only a part of the sand 
control necessary to develop properties suitable for a partic- 
ular casting application. In the foundry, the Molder must 
add moisture and other ingredients to his sand. If these 
additions are not accurate, or if the material is not adequately 
mixed, the sand will not have the properties needed to pro- 
duce good castings. Before taking up the subject of mixing 
and preparing foundry sand, discussion of the several in- 
gredients used in molding and core sands is in order. 


NAVY SANDS 


‘here are two classes of foundry sands—natural bonded 
and synthetic. A natural bonded sand contains a sufficient 
amount of clay bond when taken from its deposit or added 
before shipment to make it suitable for use in molding. With 
this material, usually, all the Molder has to do is add moisture 
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and temper the heap of sand. A synthetic sand is one made 
by mixing correct proportions of an unbonded sand with a 
suitable clay or other binder and tempering to produce a 
satisfactory molding material. 

The essential difference between a natural bonded sand 
and the pure silica sand used as a base for the preparation of 
a synthetic sand is graphically illustrated in figure 6-5. You 
will notice that the natural bonded sand shown at A has a 
natural clay content while the silica sand at B has no clay 
at all. 

Synthetic molding materials utilize a “sharp” silica as their 
base; that is, a sand which in its natural deposit contains little 
or no clay. In fact, the sharp silica purchased by the Navy 
is a sand that has been washed and otherwise processed to 
obtain a product having less than 1 percent clay and a mini- 
mum of 98.5 percent silica. Both natural bonded sand and 
the sharp silica for a synthetic sand are obtained from natural 
deposits. ` 

Natural bonded sands are suitable for many casting pur- 
poses. They are not usually satisfactory, however, for the 
production of steel castings. When steel is cast in sand molds 
a synthetic sand is usually essential. As you know, Navy 
foundries have melting equipment capable of melting steel. 
It follows, then, that these foundries must have the materials 





Figure 6—5.—The basic difference between natural bonded and pure silica sands. 
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and equipment available to prepare synthetic molding sands. 
Because synthetic sands are desirable, and because space 
available for sand stowage aboard naval vessels is limited, 
natural bonded sands are frequently excluded from the 
foundry’s molding materials. 

The use of a synthetic, all-purpose sand aboard repair ships 
and tenders is especially advantageous. Why? Because it 
provides the foundry a maximum flexibility with a minimum 
of materials; that is, with only a few basic items, the Molder 
can prepare sand for constructing molds suitable for all 
classes of castings. Synthetic sands are not superior to 
natural bonded sand in all respects. In fact, they are often 
inferior for some applications. Good, sound, serviceable 
castings of all classes, however, can be produced with the 
Navy’s all-purpose synthetic sand if it is properly prepared 
and the Molder uses it properly. Further, the use of syn- 
thetic sand eliminates the variations that exist among ship- 
ments of natural bonded sands. Variations among natural 
sands exist even though they are supplied by the same 
producer. 

Asa Navy Molder, you may work with both natural bonded 
and synthetic sands. In either case, the material will be an 
AFA grain class number 3, 4, or 5 sand. A grain class 3 sand 
is a fine sand, the majority of whose grains are within a grain 
fineness range from 100 to 140. Natural bonded sands of this 
class are intended for use in the production of light-weight. 
thin-sectioned, nonferrous castings. A synthetic sand made 
from unbonded washed silica of this grain class number is 
used for the production of nonferrous and very light steel. 
iron, and Monel castings. 

A grain class 4 sand, in either natural bonded or unbonded 
washed silica, is a medium sand, the majority of whose grains 
are within a grain fineness range from 70 to 100. Natural 
bonded sands of this class are used for all medium and heavy 
nonferrous and Monel castings, and for light-weight iron 
castings. Unbonded washed silica of this grain class is used 
in the preparation of synthetic molding sand for all steel 
castings except those over 5,000 pounds; all medium gray- 
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iron castings; and all heavy nonferrous or magnesium cast- 
ings. Unbonded silica of this grain class is also used as a 
core sand for all except heavy castings. 

Both natural bonded and unbonded silica sands in grain 
class 5 are coarse materials. Grains ranging between a grain 
fineness of 50 and 70 predominate. Natural bonded sands 
in this class are used for large, heavy, gray-iron castings 
while synthetic molding and core sands are used for heavy 
steel and gray-iron castings. 

Few Navy foundries have both natural bonded and un- 
bonded silica sand of each grain class mentioned above. 
Likely, the sand stockpile will consist of basic silica suitable 
for the preparation of synthetic core and molding sands, 
plus a variety of the other materials discussed in the follow- 
ing section. 

Binders 


Among the materials used to improve the properties of 
natural bonded sands and to prepare specific kinds of syn- 
thetic sands are northern and western bentonites; cereal, 
dextrine, glucose, rosin, and molasses binders; sea coal, 
plumbago, and silica-flour facing materials; and such 
miscellaneous items as raw linseed and other oils, graphite, 
and sodium-benzonate. Many of the above items are known 
by trade names. For example, a well-known cereal binder is 
“Truscor,” while “Goulac” is the trade name for a rosin 
binder. These materials are mixed into sand to produce 
molding sands, core sands, facing sands, and various mold 
washes. 3 

BENTONITE is one of several kinds of clay. Like other 
clays, it is formed through natural forces decomposing the 
feldspar in rock formations. Bentonite’s composition and 
characteristics are entirely different from those of other 
clays; principally, because its particles are very finely di- 
vided. Those particles are so small (about 0.2 microns) 
that when placed in a liquid they appear to dissolve as does 
sugar. Actually, though, the individual particles remain 
intact and merely disperse throughout the Hquid. A sub- 
stance of this kind is called a “colloidal substance.” Because 
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of the colloidal fineness of its particles, bentonite can absorb 
large quantities of water. In fact, when taken from the 
beds in which it occurs, bentonite contains from 30 to 45 
percent water. A part of the commercial process of pre- 
paring bentonite for foundry use is the removal of its high 
moisture content. When suitably dried, bentonite is ground 
and pulverized. 

There are two kinds of bentonite—southern and western. 
Both consist of colloidal particles and have similar prop- 
erties. Nevertheless, they differ in several important 
respects. Southern bentonite, for example, has the highest 
ereen strength of any clay available. Western, while hav- 
ing a slightly lower green strength than southern, has a 
higher dry strength and is the more durable of the two. 
Another property in which these two clays differ is that of 
flowability. Western bentonite is best for steel and iron 
synthetic molding sands, while southern is more satisfac- 
tory for nonferrous work. 

Because of its high green strength, southern bentonite is 
frequently added to old sand to restore “life and vitality” 
to “burned-out” molding material. (By “burned-out,” we 
mean that, during the casting procedure, a portion of the 
molding sand’s clay content becomes disintegrated.) Be- 
cause of southern bentonite’s high green strength, only a 
small amount of it is necessary to revitalize an old sand. 
Since a small amount serves to restore green strength, the 
permeability of the rejuvenated sand is little altered from 
that possessed before the bentonite was added. 

The low dry strength value of southern bentonite is a 
distinct advantage when mold collapsibility 1s desired. In 
production work involving thin-sectioned castings, the ease 
of removing the casting from the mold (shaking out) saves 
a great deal of time and effort. Although the time factor 
from the production standpoint is not too important in a 
Navy foundry, the collapsibility of a molding or core sand 
is often important. 

The various clays, including the bentonites, are known 
as inorganic binders; that is (in the sense that we use the 
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term “inorganic’’), they are substances derived from “non- 
living” sources. Other binders, such as the cereals, are or- 
ganic binders. They are obtained from corn, wheat, sugar 
cane and similar “living” organisms. Organic binders are 
added to sand mixtures to improve properties in which clays 
are deficient. | 

STARCHY BINDERS are made by grinding cereal grains into 
a flour-like consistency. Both wheat and corn are prepared 
for foundry use. A corn-starch binder such as “Mogul” 
produces a soft texture and slightly improves green strength. 
However, the primary purpose of a starch binder is to im- 
prove the dry strength. For this purpose, a corn-flour binder 
is better than a wheat-flour binder. On the other hand, 
wheat flour is used in core sands to provide lady collaps- 
ibility and, thus, easy core removal. 

When PA is present in a clay-sand mixture that is baked 
dry, the starch migrates to the surface and produces a hard 
surface. This is particularly advantageous in dry sand 
molding because the hard surface enables the sand to better 
withstand the erosive or cutting action of the molten metal 
as it enters the mold. Further, the hard surface induced 
by the starch permits any mold wash that has been applied 
to the mold surface to adhere more firmly; especially; if 
the wash was applied before baking. 

DEXTRINE BINDERS are produced by a special process which 
converts the starch of cereals to dextrine (a form of sugar). 
Binders of this kind, of which “Globe No. 152” is a typical 
example, contribute a much higher dry strength than do 
starch binders. In so doing, though, they reduce the sand’s 
green strength considerably. In appearance, dextrine is a 
canary-yellow substance, while the cereal binders (corn and 
wheat flour) are whitish. 

Two liquid materials are used as substitutes for dextrine. 
One is a glucose compound consisting of 53 percent organic 
matter, 42 percent water, and 5 percent ash. The other is 
molasses. Like dextrine, they are used as a binder or as an 
ingredient in a mold wash. Neither, however, is as efficient 
as dextrine. 
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Rosin BINDERS are by-products of the turpentine and sul- 
phite paper industry. A typical binder of this type is 
“Goulac.” Molds or cores made from sand in which Goulac 
is the binder have a very hard surface when baked. Another 
advantage of rosin binders is that with them cores and molds 
may be baked at a lower temperature than when other binders 
are employed. However, when Goulac is used as a binder, 
the sand absorbs moisture if permitted to stand for any length | 
of time. Molds and cores made from sands containing rosin 
type binders should be used as soon as possible after baking. 

Although other types of binders are also used industrially 
in the preparation of molding and core sands, the types of 
binders—cereal, dextrine, and rosin—discussed above are the 
ones usually available in the Navy. They are manufactured 
by many firms and are available under a variety of trade 
names. But whatever the name, the purpose of organic and 
inorganic binders is to develop special properties in molding 
or core sands, | 


Special Facing and Parting Materials 


Some molding materials are not mixed into a molding sand. 
Instead, they are applied to the pattern to assist in removing 
the pattern without breaking the sand; or, they are applied 
to the face of the mold to give a fine, clean surface to the 
casting by preventing the fusion of sand to the casting. 
Among the materials used for these purposes are graphite 
substances, ground nutshells, and pure silica flour. 

The graphite or carbon FACING MATERIALS are plumbago, 
charcoal, and sea coal. Sometimes these materials are dusted 
on, or if a heavier coating is necessary they may be applied 
with a camel’s hair brush. On other occasions a liquid mate- 
rial is prepared and is apphed with a spray can or small 
paint brush. 

There are two grades of plumbago, or silver-lead scape 
used in the Navy. Grade I consists of medium-sized parti- 
cles. The fineness of the particles is such that 100 percent 
of the material passes through a 75-mesh sieve, 90 percent 
through a 100-mesh sieve, and 50 percent through a 200-mesh 


182 


sieve. Grade II is a finer material. None of its particles 
is any larger than that specified for grade I and at least 75 
percent of the material must pass through a 200-mesh sieve. 
These materials are so fine they have a soft and greasy feel. © 
Charcoal and sea coal are similar to plumbago. They are 
not as finely powdered, but they have similar uses as a facing 
material. More than that, though, sea coal is also used as an 
addition to special facing sands intended for use in the pro- 
duction of iron castings requiring a very smooth surface. 
PARTING MATERIALS are either ground and powdered soap- 
stone (talc) or nutshells. They are applied to the drag part 
of the pattern before the drag is rammed, and to the cope 
part and the parting line before the cope is rammed. Sev- ` 
eral materials are available commercially. Of them, “Par- 
teen” is quite common. Whatever its name, however, the 
purpose of this dry substance is to permit opening the mold 
and removing the pattern without disturbing the sand. Only 
a small amount of parting material should be used. Any 
excess will absorb moisture from the molding sand, ball up, 
and thus impair the surface characteristics of the casting. 
Silica flour is the principal ingredient of MOLD WASHES 
for molds in which steel castings are poured. It is also used 
to replace a portion of the sand in facing sands for some steel 
castings; especially, where a close, metal-resistant mold sur- 
face is required. In this respect, silica flour has a function 
similar to that of sea coal in facing sand prepared for use 
with iron casting procedures. The preparation of mold 
washes and facing sands is discussed in the following section. 


PREPARING SANDS FOR USE 


From a previous discussion in Chapter 3 you may recall 
that the proper preparation and control of molding and core 
sands is an important phase of foundry work. In Chapter 3, 
however, we were concerned with the equipment and devices 
used in mixing and testing the moisture content of foundry 
sands; here, we are concerned with the procedure (includ- 
ing the amounts of ingredients employed) for mixing suit- 
able sands. 


The preparation of à NATURAL BONDED ALBANY SAND for 
nonferrous molding does not offer any special problems, 
The sand mixes readily with water and does not require the 
use of a sandmuller. The usual procedure is to sprinkle 
water over the heap of sand, mix it with a shovel, and then 
pass it through a 2- or 3-mesh foundry sieve. 

Before adding moisture, however, the dry sand should be 
riddled to break up lumps and spread out on the foundry 
floor in the form of a long, low heap of considerable length. 
Sand spread out in this way exposes a greater area to which 
water may be added. The water should be added slowly 
and in small quantities while, at the same time, you contin- 
' uously work the sand back and forth with a shovel. Water 
additions should be made with a sprinkling can to avoid 
the formation of pools of water. 

When enough water has been added to provide a moisture 
content of six and one-half percent, the sand ‘is passed 
through a riddle a second time and then piled into a heap. 
This heap is covered with damp burlap sacks to prevent sur- 
face drying. After mixing, the sand should stand, or “tem- 
per,” in the moist condition for several hours—preferably 
overnight. 

In the preparation of natural bonded sands, moisture con- 
tent is the most important factor controlled by the Molder. 
Of course, the sand must also be sufficiently permeable (a 
minimum of 25), possess satisfactory green compressive 
strength (5 to 8 pounds per square inch), and have the proper 
proportion of bond (clay). If the green strength is too 
low, you will have to add enough new sand to the heap to 
bring the strength value up to normal. Additions of this 
kind may be made by hand, but a better job of mixing re- 
sults when a sandmuller is utilized. In the same vein, mois- 
ture may be more accurately controlled if a moisture tester 
is used instead of the “handful and squeeze” method. ` 


Mixing Synthetic Sand 


The synthetic sand used by Navy Molders was developed 
by the Naval Research Laboratory and is frequently known 
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AS ALL-PURPOSE SAND. Only a minimum of ingredients is 
required—bentonite, cornstarch (Mogul), dextrine, sharp 
silica, and water—to prepare this molding sand. Other 
than the silica base sand, only small amounts of these ma- 
terials are used. 

For the purpose of illustration, suppose that 50 pounds of 
synthetic sand is to be prepared. What procedure is fol- 
lowed, and how much of each ingredient is included in the 
batch? First, the amount of each item to be included in the 
batch must be determined. Considering the total pry 
ingredients as 100 percent, employ the following percentages 
for each item as indicated—sharp silica, 95.5 percent; corn- 
starch binder, 0.2 percent; bentonite, 3 percent; and dextrine, 
1.3 percent. (Moisture is not included in this calculation; 
only the dry substances.) These percentages are by weight. 
They have been determined by the Naval Research Labora- 
tory and are recommended by the Bureau of Ships. 

To determine the amount of an ingredient necessary to pre- 
pare a 50-pound batch of all-purpose sand, multiply 50 
pounds—the total weight or 100 percent—by each of the per- 
centages indicated previously. The complete calculation for 
the batch is indicated below. 


INCA: a pou 95.5% 50 X.955=47. 75 pounds 
Bentonite ---- 3.0% 50X.03 = 1.5 pounds 
Cornstarch __ 0.2% 50X.002= 0.1 pounds 
Dextrine ---- 1.3% 50X.18 = 0.65 pounds 


Having determined the exact weight of each item to be 
incorporated into the batch, assemble and weigh-out the 
several materials. Before any mixing is done, be sure that 
any foreign particles are removed. Visual inspection is suf- 
ficient for all ingredients except the silica. This latter ma- 
terial should be passed through a riddle just as natural 
bonded sand is before tempering. 

After the several materials have been weighed-out and 
checked for foreign particles, they are placed in the sand- 
muller and mixed pry for 1 minute. Water is then added 
to the batch and the mixing continued for about 5 minutes. 
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The exact mulling time depends on the sand mixer avail- 
able. For example, the Beardsley-Piper “Speedmuller” 
mixes sand in 1 to 114 minutes. With other mixers the 
mulling time is from 3 to 5 minutes. 

The instruction manual furnished with the machine in- 
stalled in your shop will state the proper mixing time as well 
as the correct clearance between muller wheels and wear 
plate. These points are very important. Excessive mixing 
time and/or too little clearance -will distort the individual 
grains, causing the sand’s grain fineness, and thus its per- 
meability value, to change. ` 

The amount of water added to the mix depends largely 
upon the base silica’s initial moisture content. Water addi- 
tions should be made slowly and in small quantities. The 
results of moisture tests determine further water additions. 
The ideal condition, of course, is one in which water addi- 
tions have been such that a test shows the desired moist ure 
content at the completion of the mulling period. Since the 
initial moisture condition of the base silica varies, a specified 
amount of water to be added for a given batch cannot be 
stipulated. All that can be said in this regard is that the 
moisture content of a particular sand must be a certain 
amount at the end of the mulling period, stated in terms of 
percentage. For example, the proper moisture content of a 
suitable, all-purpose, synthetic molding sand intended for 
use as a backing sand is 2.5 to 3 percent. 

By using different moisture percentages, several satisfac- 
tory molding materials may be prepared from the all-purpose 
sand described above. In each instance, the percentage of 
new silica, cornstarch, bentonite, and dextrine is the same; 
only the moisture percentage is different. When an all- 
purpose sand is to be used as a green-sand facing material, 
a moisture content from 3 to 3.5 percent 1s incorporated into 
the batch. When used as an air-dried facing sand, the mois- 
ture content is 3.5 to 4 percent; and for a dry sand facing the 
moisture content is 2.5 to 3 percent. 

From the foregoing, it 1s apparent that a moisture testing 
instrument is necessary to determine when an all-purpose 
sand is suitable for a particular use. Another important 
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Courtesy of National Engineering Company 


Figure 6~6.—A comparison of properly and improperly prepared sand. 


point in regard to any synthetic or all-purpose sand is that 
a sandmuller is essential for its preparation. This latter 
point is illustrated in figure 6-6. The sample shown at A 
has been properly mixed in a muller. Notice the even and 
equal bond distribution. On the other hand, the sample 
shown at B has been mixed by hand. Here the bond is un- 
equally distributed as is evident in the lower right-hand 
corner of the microphoto. The sand at A will make a good 
mold; the one at B will not. | 

Synthetic sand must be rammed up differently than natu- 
ral bonded sand. Because of its higher green strength, lower 
moisture content, and greater uniformity of grain size, all- 
purpose sand does not flow around the pattern as freely as 
natural bonded sand. With natural bonded sand, the Molder 
must be careful not to ram up the mold too tightly or casting 
defects will result. On the other hand, synthetic sand must 
be rammed hard—the harder the better. 

The surface of a mold made with all-purpose sand dries 
out more rapidly than the surface of a mold made with nat- 
ural bonded sand. Why? Because the sand has a lower 
initial moisture content, and because moisture migration 
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through bentonite is slow. The difficulty of mold surface 
drying is overcome by avoiding excessive tooling and by 
using properly shellacked patterns. Another characteristic 
of synthetic sand is that it has a “sticky” feel. In contrast, 
natural bonded sand is velvety to the touch. This factor. 
however, has no effect on the suitability of all-purpose sand 
for molding. 

In working with all-purpose sand, local conditions may 
make it desirable to alter the amount of bentonite or other 
ingredients used in the mix. Whenever a change in mix pro- 
portions is made, the Molder must bear in mind the effect 
that the different binders have on synthetic molding sand. 
Changes in mix proportions may be in order, however, under 
the following circumstances: 

1. Sand is too stiff—decrease amount of bentonite. 

2. Sand is too weak—increase amount of bentonite. 

3. Sand is too spongy—decrease amount of cornstarch. 

4. Mold surface rubs off too eae EARR amount of 

dextrine. 

5. Casting shakeout is difficult—decrease dextrine content 

or decrease backing sand moisture content. 

To obtain satisfactory results with all-purpose molding 
sand, the Molder must pay particular attention to three im- 
portant points. These points are: (1) the material must be 
properly mixed in a muller; (2) moisture content must be 
accurately controlled; and (3) the sand must be tightly 
rammed in the mold. When these conditions are met—as- 
suming that pattern design, mold construction, and pouring 
temperature are correct—the castings produced will be 
satisfactory. 


Special Facing Sands 


In the preceding section we mentioned three kinds of syn- 
thetic facing sands—green, air- | 
pointed out that the only difference between them was mois- 
ture content. For normal synthetic sand work, these facing 

sands are most satisfactory. Occ asionally, however, a thin- 
sectioned steel or iron casting having an accurate, smooth sur- 
face is required. For work of this kind a special facing sand 
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is necessary. But first, what do we mean by a facing sand? 

A facing sand is a sand having comparatively fine grains 
and the ability to resist burn-in. It is called facing sand 
because it is used only in those areas forming the mold cav- 
ity ; that is, it covers the pattern during the molding process. 
On a small casting, a small amount of this sand is riddled 
over the pattern, usually to a depth from 11, to 2 inches. 
The remainder of the mold is then filled and rammed with 
backing sand. The backing material is usually an old sand 
and may or may not have coarser grains. In green-sand 
molding with synthetic sand, as you may recall, the backing 
sand has a lower moisture content (2.5 to 3 percent) than 
the green-sand facing (3 to 3.5 percent). 

A special sILICA-FLOUR FACING SAND for steel castings pro- 
duced in green sand molds may be prepared by modifying 
the basic percentage formula for all-purpose sand. In this 
modification, a portion of the pure silica base is replaced with 
silica flour. The fine flour serves to fill in the spaces between 
grains, and thus produces a smooth mold surface. 

Although the exact amount substituted depends on the 
requirements of the casting in question, the usual figure is 2 
percent. In other words, in a 50-pound batch of this facing 
sand, 1 pound of silica flour (50.02) is included in the 
mixture and the pure silica base is reduced to 46.75 pounds. 
All other ingredients—as well as the mixing procedure and 
moisture content—previously described for synthetic, green- 
sand facing material are the same. 

Facing sands with sea COAL ADDITIONS are used in foundries 
producing iron castings in natural-bonded green sand molds 
for the same reason that silica-flour facing sands are used in 
the steel foundry—to produce smooth-surfaced, thin-sec- 
tioned castings. The addition of sea coal to natural bonded 
sand fills in void spaces as does silica flour, thus producing a 
smoother mold surface. In addition, it has other functions. 

When molten iron comes in contact with a mold surface 
containing sea coal, the sea coal decomposes. As sea coal de- 
composes, the mold is filled with gas to the exclusion of air. 
Further, a soot is formed which coats the sides of the mold 
and covers the surface of the rising metal. This sea coal 
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decomposition continues throughout the pouring operation. 
The result is that a thin wall (of no measurable importance) 
forms between the molten metal and the mold wall, prevent- 
ing the penetration of the wall by the metal. Because a re- 
ducing atmosphere exists in the mold, and because mold-wall 
metal penetration is prevented, the casting surface is smooth 
and free from oxidation. 

The ratio of sea coal to natural bonded sand depends on 
the natural sand itself. Albany sand, for example, does not 
require sea coal additions because it has a high percentage of 
grains that pass through a 270-mesh screen (30 percent). 
Many natural sands, however, do not have this characteristic. 
Some natural sands require only the addition of 1 part of sea 
coal to 30 parts of sand. With other sands the ratio may be 
1:8. In general, the finer the sand, the less sea coal required. 
With the kind of natural sands used in the Navy, a sea coal 
to sand ratio of 1:20 is sufficient. The moisture content of 
sea coal addition natural-bonded facing sands should be 
around 6 percent. 

Special facing sands of the type discussed in this section 
are rarely employed in shipboard foundries because castings 
having stove plate smoothness are seldom required. These 
facing sands, however, are frequently used materials in many 
industrial plants and naval shipyard foundries. 


Mold Washes 


A wash is a liquid material. applied to the surface of a 
mold or core to prevent metal penetration. Its purpose is 
to aid in the production of a smooth casting surface. A mold 
wash also prevents the erosion of mold surfaces due to the 
rapid flow of metal in some molds. The refractory ingre- 
dient of a mold or core wash is either a finely divided graph- 
ite or silica flour. This material is mixed thoroughly in a 
liquid consisting of water and such binding materials as 
bentonite, cereal, and dextrine. 

The wash most often used in Navy foundries contains the 
same basic ingredients (in different proportions) as all-pur- 
pose molding sand except that silica flour is substituted for 
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pure silica sand. An additional substance, sodium-benzoate, 
is added to the mix to prevent souring. The Dei pes by 
weight for this mixture are as follows: 


Silica flour 64.0 percent 
Bentonite 1.5 percent 
Dextrine 3.0 percent 
Sodium-benzoate .02 percent 
Water 31.3 percent 


All dry ingredients should be thoroughly mixed in a closed 
container before water is added. After the water addition, 
another short period of thorough mixing follows. 

The mixture may be applied with a spray gun or paint 
brush. After the wash has been applied, the mold or core 
so “washed” must be thoroughly dried, either in air or by 
baking in an oven. If the mold or core is not adequately 
dried, the excess moisture on the surface will form steam 
when metal enters the mold. The steam thus formed may 
cause serious casting defects. 

Some mold washes consist of plain water and graphite, or 
of plumbago mixed with a small amount of dextrine or other 
glutenous material. A wash of this kind is commonly known 
aS BLACKENING. It is mixed and applied in the same manner 
and it serves the same purpose in natural sand molding, as a 
silica flour wash in synthetic sand molding. Further, the 
same precaution pertaining to drying must be observed. A 
mold or core wash, whether silica flour or graphite base, 
should not be used unless absolutely necessary. In most cases, 
the regular sand mixtures, including natural bonded sand, 
will produce excellent casting surfaces without the use of a 
wash. 


MISCELLANEOUS MATERIALS 


Many molds, especially those for small castings having a 
simple design, do not require the use of any materials other 
than a properly prepared and tempered sand. Molds for 
castings having a more complicated design sometimes require 
the use of special devices to reinforce the molding sand, sup- 
port cores, or to help control the solidification of the casting. 
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Materials for these purposes are facing nails, chaplets, chills, 
and gaggers. 

Facine NAILS, having a large, thin, flat head, are available 
in various lengths. They are used in molding to reinforce 
the face of amold. When properly inserted, these nails serve 
to mechanically lock the mold cavity surface with the body 
of the mold. In addition, the nail head embedded in the 
mold surface helps to prevent mold erosion and slightly ac- 
celerates the molten metal’s solidification. 

If the molding sand is properly prepared, few occasions 
requiring the use of facing nails will arise. When facing 
nails are used, they are inserted after removing the pattern, 
and cleaning and slicking the mold. Be sure that the nails 
you use are clean, ungalvanized, and free from oil and dirt. 
Foreign matter of this sort forms a gas when it comes in 
contact with molten metal and may cause the production 
of a poor casting. 

CHAPLETs are metal supports which are placed in the mold 
cavity to hold a core in place when normal molding methods 
are inadequate. Like facing nails, the use of chaplets should 
be avoided whenever possible. Also, it is essential that they 
be absolutely clean. Since chaplets become a part of the 
casting itself—through the fusion of the surrounding molten 
metal in the mold cavity with the chaplet—their composition 
must be suitable for the metal from which the casting is 
poured. Soft steel chaplets are used in ferrous metal cast- 
ings, and copper chaplets are used in brass and bronze 
castings. 

In addition to having the proper composition—steel or 
copper—the size of the chaplet must be properly propor- 
tioned with the cross-sectional thickness of the part of the 
casting in which it is used. In this respect the chaplet made 
from the least amount of metal, but at the same time having 
suflicient strength to support the core, should be used. The 
use of oversized chaplets will result in poor fusion and may 
cause the casting to crack in those areas where the chaplet 
is located. | 

Chaplets of many types are available. but those shown in 
figure 6-7 are suitable for most applications. Prefabricated, 
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Figure 6—7.—Typical chaplets for ferrous and nonferrous castings. 


double-ended, plain-stem chaplets are used with ferrous 
castings. Perforated chaplets, made by the Molder from 
rectangular strips of copper, are used with nonferrous cast- 
ings. Both the copper strips and the soft-steel, double-ended 
chaplets suitable for all Navy molding requirements are 
available. 

CHILLs are metal devices used by the Molder to accelerate 
the solidification of metal in certain heavy sections of a 
casting. Two kinds of chills are used by the foundryman— 
external chills and internal chills. Typical a of both 
types are shown in figure 6-8. 

The face of an external chill has the same contour as that 
of the mold surface in which it is embedded. External chills 
may be cast to shape or they may be made from strip, bar, 
or rod stock. In any event, the metal from which the chill 
is made must have a higher melting temperature than that 
of the metal being cast. When external chills are used the 
following rules should be borne in mind: 

1. Chill surfaces must be clean and accurately fitted to the 

casting area to be chilled. 

2. The ends and sides of large, heavy, external chills should 

be tapered. Drastic cooling at the edge of chills will 
cause stresses to develop which may result in cracks. 
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3. External chills must have sufficient mass to prevent the 
metal in the casting from fusing to the chill. At the 
same time, however, they must not be so massive that 
their effect interferes with solidification in other parts 
of the casting. 

Internal chills must have the same basic composition as 
the metal being cast. Why? ‘Because they, like chaplets, 
become a part of the finished casting. For that reason, in- 
ternal chills must in every respect be perfectly clean. Oxide, 
oil, or mold wash must be eliminated or harmful effects to 
the casting will result from the gases produced. 

The size and shape of the chill is very important. Flat, 
solid chills should have a streamlined shape (see figure 6-8). 
A shape of this sort permits any gases that may be formed 
to rise easily to the casting surface. In regard to size, chills 
which are too small will not accomplish their purpose of 
inducing solidification. On the other hand, chills which 
are too large may cause cracking to occur in the casting. 

Properly locating chills, and thereby controlling the solidi- 
fication of metal in a mold, requires considerable knowledge 
and experience. When the striker or third-class Molder must. 
use chills, he should do so only under the supervision of a 
first-class or chief Molder. 

GaGcERs are metal rods bent to an “L” or “S” shape. They 
are used for the same purpose that steel reinforcing rods 
are used in concrete structures—to impart strength. In a 
mold, gaggers are used to hold up projections of sand which, 
if unsupported, would fall of their own weight. They are 
also used in the cheek and cope of large molds to give those 
sections added support so that shifting does not occur when 
the mold is opened or closed. The use of these devices will 
be illustrated in the following chapter, “Making the Mold.” 

Before proceeding to the next chapter, bear in mind that 
a satisfactory casting will not result unless the sand used 
to ram the mold has been properly prepared. This prepara- 
tion depends on the sand being employed. All-purpose sand 
involves determining the right amount of certain ingred- 
ients, mixing them in a specified manner, and holding the 
moisture content within prescribed limits. Natural bonded 
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sand seldom requires more than riddling and tempering. 
Through accurate sand control, desirable properties are de- 
veloped. And, when a sand’s properties are correct, the 
probability of producing sound castings is materially in- 
creased. Remember, only when the Molder produces sound 
castings is he justified in saying that he has made the best 
use of the molding materials he has available. 
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QUIZ 


. What three basic materials make up natural molding sands? 
. In sand terminology, to what does the term “texture” refer? 


How is a sand’s grain fineness number determined? 


. What is the function of bond in a molding sand? 
. What is the sintering point of a molding sand? 
. Why do small amounts of fine materials affect a sand’s perme- 


ability? 


. Why is flowability important in a molding sand? 

. To what does the strength of a molding sand usually refer? 
. What is the purpose of foundry sand control? 

10. 
11. 


Name two classes of foundry sand. 

Why is the use of a synthetic, all-purpose sand advantageous in a 
repair ship foundry? 

What is bentonite? 

From what are parting materials made? 

When mixing sand by hand, why should water be added with a 
sprinkling can? 

What is the difference between ramming natural bonded and all- 
purpose sand? 

Why is sodium-benzoate added to the mold-wash mixture? 

What are chaplets? 


Why must internal chills have the same basic composition as the 
casting alloy? 


Why are gaggers used in the cope of a mold? 
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CHAPTER 7 


MAKING THE MOLD 
TYPES OF MOLDS 


A mold is a form into which molten metal is poured to 
produce a casting. Some foundries use permanent metal 
molds. Others employ loam, cement, or plaster of paris. 
Still others take advantage of special investment and cen- 
trifugal casting molds. The most widely used molds, how- 
ever, are those constructed from the materials discussed in 
Chapter 6. This is especially true in the Navy where sands 
are used exclusively as the basic molding material. 

Whether your foundry uses natural bonded or synthetic 
sand, three distinct types of molding practices may be used 
to produce a casting. These practices are called green sand, 
dry sand, and skin-dried. In general, green sand molds are 
employed for light- and medium-weight castings, while dry 
sand molds are used for heavy castings. Skin-dried molds 
are resorted to when a mold having the surface character- 
istics of a dry sand mold and the collapsibility of a green 
sand mold is desired or when an oven for baking a dry sand 
mold is not available. 

The fundamental difference between these sand molds is 
the treatment they receive before molten metal is poured into 
them. Green sand molds may be poured as soon as they are 
rammed. On the other hand, dry sand molds are slowly 
baked in an oven, while skin-dried molds are surface-heated 
with a torch. 

Often, when changing from one sand practice to another— 
green sand to dry sand, for example—a slight modification 
of the sand mixture is essential. When shifting from a green 
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to a dry sand practice with natural bonded sand, the ratio 
of new to old sand in the heap is increased (from 30 to 50 
percent new sand instead of 20 percent new) and about two 
parts of pitch or similar binder is added to the mixture. 
In synthetic sand practice, a change in binders, based on 
the properties desired, is usually necessary. However, with 
all-purpose sand, the only essential modification is that of 
moisture content. When all-purpose sand is used in green 
sand molds, the moisture content is maintained between 3.0 
and 3.5 percent. For skin-dried and dry sand molds the 
moisture content of all-purpose sand may be slightly higher. 

Each of the three sand practices mentioned above has cer- 
tain advantages and disadvantages. The hard surface and 
structure of a dry sand mold enables it to (1) resist erosion 
due to the force of metal flow, and (2) support the great 
weight of large volumes of metal. Further, since all moisture 
has been baked out, the formation of mold gas (steam) and 
rapid metal chilling is avoided. These factors often con- 
tribute to the production of sound, heavy castings. On the 
other side of the ledger, the rigidity of a dry sand mold 
resists the contraction of the metal during solidification. 
Resistance of the mold to metal contraction may cause the 
casting to crack. Another disadvantage is the greater 
amount of mold preparation time required. | 

Skin-dried molds are often utilized when surface charac- 
teristics of a dry sand mold are desirable and when baking 
facilities are not available. The mold surface is usually 
sprayed with a special mold wash and then rapidly dried 
by the local application of heat from a torch. This pro- 
cedure produces a firm mold face while, at the same time. 
the body of the mold retains the collapsibility of a green 
sand mold. Skin-dried molds must be poured immediately 
after heating. If they are allowed to stand, moisture from 
the backing sand will migrate to the mold cavity surface. 
spoiling the effect of skin drying. 

With few exceptions, the castings produced in shipboard 
foundries may be poured in green sand molds. These molds 
are well adapted to the production of small, intricately de- 
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signed castings having relatively thin sections. The moist 
sand, when properly rammed, offers little resistance to nor- 
mal metal contraction. Green sand molding is most com- 
monly employed because it is rapid, requires less equipment, 
and in most cases produces satisfactory castings. 

In addition to being classified as green or dry sand, sev- 
eral other terms are used to classify molds. For example, 
a small mold, hght enough to be handled by one man, is 
called a bench mold; while a mold too large for one man 
to handle is constructed on the foundry floor and is called 
a floor mold. Still another class of sand molding is the pit 
mold. In this latter process, the casting is produced in a 
mold constructed in a large hole in the foundry floor. 

Nearly all castings produced by the Navy Molder are 
made in green sand bench and floor molds. Seldom, if 
ever, does the casting’s size require a molding pit. Since 
green sand molding is the most common Navy foundry prac- 
tice, and since the techniques fundamental to that procedure 
apply to the construction of all types of sand molds, we 
will concern ourselves primarily with green sand bench 
molds. However, before we take up the several steps of 
molding, we need an understanding of a mold’s several 
parts. 

ELEMENTS OF A MOLD 


The size and shape of the casting determine the kind of 
mold to be used as well as the details of its construction. 
Nevertheless, every mold has several common component 
parts. Obviously, a mold requires a cavity having the shape 
of the desired casting. Of equal importance, though, is the 
means provided for the entrance of molten metal and the 
provisions made for insuring proper solidification, and thus 
a sound casting. Normally, the parts of a mold, in addi- 
tion to the cope, drag. and mold cavity, are the pouring basin, 
sprue, gate, riser, and vents. And sometimes, a core may be 
required. 

The basic elements of a mold are illustrated in the cutaway 
drawing shown in figure 7-1. In the mold illustrated, the 
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path of the molten metal is as follows: Entering the pouring 
basin, located in or on the top of the cope, the metal passes 
down the vertical sprue (often called a down gate), through 
the cope, and into the horizontal gate (runner) cut in the 
parting plane of the drag. From the runner, the metal 
enters the mold cavity through a gate connecting the runner 
and the cavity. As the mold cavity fills, the metal seeks its 
own level and finally fills the riser. 


RISER POURING BASIN „SPRUE VENTS 


MOLD CAVITY 





Figure 7—].—Basic parts of a mold. 


The need for and the function of each mold part are dis- 
cussed in following paragraphs. Before proceeding, how- 
ever, be sure you can trace the path of molten metal as it 
flows into the mold cavity. And, familiarize yourself with 
the names of the several mold parts. Bear in mind that each 
mold part has many variations. In other words, just as 
there are many kinds of patterns, whose purpose it is to 
produce a large variety of castings, so are there many 
kinds of pouring basins, gates, and risers. The exact mold 
part design employed for a particular application depends 
upon the type of metal involved and the bulk and shape of 
the casting. It is not our purpose here to present all pos- 
sible variations; we are merely concerned with typical 
designs, general principles. and fundamental rules. 
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Pouring Basins 


A POURING BASIN is provided to direct and control the flow 
of molten metal mto the sprue and to prevent slag from 
entering the mold cavity. Several designs are satisfactory. 
One type of basin is a tapered, cone-like cavity formed 
directly over the sprue. Another is shaped like the mouth- 
piece of a trumpet or bugle. A third type consists of a basin 
alongside the sprue with a dam or elevation formed between 
the basin and the sprue. Typical pouring basin designs are 
illustrated in figure 7-2. | 


POURING BASINS. 





Figure 7—2.—Pouring basin designs. 


When constructing a pouring basin, several general rules 
should be borne in mind. For the type shown at A in figure 
7-2, the top diameter of the cup should be from 2.5 to 3 times 
that of thesprue. Further, the cup walls should have a steep 
angle. A satisfactory wall angle may be obtained by making 
the vertical depth of the cup slightly less than that of the top 
diameter. For example, if the sprue diameter is two inches, 
the cup’s top diameter will be between five and six inches and 
its depth about five inches. Pouring basins of this type, or 
some variations of them, are used on molds for steel castings 
having a two-inch or larger sprue diameter. 

For a steel casting having a sprue less than two inches in 
diameter, it is common practice to employ a basin design 
similar to that shown at B in figure 7-2. The top diameter 
of the cup in this case is about three times that of the sprue; 
its depth is shghtly less than the diameter of the cup. The 
cup’s mouthpiece-shape provides greater metal capacity than 
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a cone-shaped cup having similar dimensions. If this pro- 
vision Were not made, it would be difficult to pour the metal 
without splashing. Also, it would be hard to keep the cup 
filled during pouring. 

Another satisfactory basin design is illustrated at C in 
figure 7-2. This type of basin, through its dam-like sprue 
entrance, effectively separates the slag from the molten metal. 
Like the two designs previously discussed, the basin must be 
large enough and deep enough to prevent splashing. And, 
like other pouring basins, it may be formed in the top of the 
cope or it may be a separate structure on top of the cope. 
The method used depends upon the amount of space available 
in the cope for the basin’s construction. 

No matter what basin design is selected, its dimensions 
must be adequate for the sprue, and its capacity must be 
safficient to permit pouring without splashing. Further, the 
inside of the cup should be coated with a mold wash to make 
the cup’s interior resistant to erosion. A final point to bear 
in mind is this: A pouring basin will not serve its function 
of excluding slag and dirt from the mold unless the metal is 
poured rapidly enough to keep the basin filled throughout 
the pouring procedure. Basins for castings other than steel 
may be slightly smaller than indicated above. 


Gates 


Every mold must have a passageway through which molten 
metal can enter the mold cavity. This point is illustrated in 
figure 7-1. In this illustration, the gate shown is called a 
parting gate. Other types of gates are top, bottom, and step 
gates. There are many variations of these main types. But 
no matter which design is employed, a gate must serve to fill 
the mold cavity completely with molten metal at the desired 
rate and, at the same time, avoid damage to the mold’s inte- 
rior. Further, the gate’s design must contribute to and not 
interfere with the proper solidification of the casting. And, 
finally, if practicable, it should be so designed and located 
that its removal after casting solidification is as easy as 
possible. 
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Figure 7—3.—Common gates. 


A typical example of each of the basic types of gates is 
shown in figure 7-3. Of these, bottom and parting gates are 
most common. The particular advantage of the Borrom 
GATE Is that erosion is held to a minimum and the flow of the 
metal into the mold cavity is quieter. Its disadvantage is 
that a decided temperature difference exists between the top 
of the casting and that portion near the gate. Since the bot- 
tom of the mold is hotter than the top, difficulties may occur 
in feeding the casting during solidification, causing void 
spaces to form in the casting. 

ParTING GATES are frequently used because they are easy to 
construct. In many instances the parting gate is merely a 
channel cut in the drag of the mold parting joint between the 
sprue and the mold cavity. In others, a parting gate in- 
cludes a special structure called a whirl gate (see figure 
74D). In either case, the gate should enter directly into a 
riser and from thence to the mold cavity. The problem of 
temperature differences so common with bottom gates is less 
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serious with parting gates. Nevertheless, the erosive effect 
on the mold caused by metal dropping from the parting line 
into the drag portion may be undesirable. When the dis- 
tance from the parting line to the bottom of the mold cavity 
is excessive, the Molder should use some other gating system. 

Top GATES are suitable only if the mold is able to withstand 
erosion and if the casting being poured is non-drossing. Be- 
cause of the dross or slag formed by aluminum and manga- 
nese bronze, top gating is impracticable in molds for these 
metals. When top gating is practicable, the temperature 
differences between the top and bottom of the mold are more 
favorable for the production of a sound casting than when 
bottom gates are employed. However, unless the depth of 
metal drop is slight, metal splashing and mold erosion will 
result. Splashing and erosion may be minimized by using 
a number of small ingates as shown in C of figure 7-3, or by 
using special strainer cores or perforated metal plates. No 
set rules can be offered for the design and the placement of 
gates. The correct system can only be determined after con- 
siderable study and practice. 

The shape of many castings is such that a combination of 
gates, rather than any one basic design, is necessary. A 
typical example of a combination gating system is shown at 
D in figure 7-3. This system includes all the good features 
of top and bottom gates. Each step GATE is constructed with 
an upward incline. As a consequence, the metal initially 
entering the mold flows quietly through the bottom gate. 
With progressive filling, a higher level gate becomes active. 
Thus, a quiet, nonerosive flow of metal is possible. At the 
same time, the hottest portion of the mold is in the riser at 
the top of the mold, thus providing the proper feeding after 
pouring is completed. 

Many combinations of the basic gating designs are utilized 
by the Molder. Some of the more common variations are 
shown in figure 7-4. Of these, the wiiRL GATE, combined 
with the parting gate (D), is most useful. The purpose of 
the whirl gate is to collect and trap dross, dirt, and eroded 
sand, The swirling action developed by this gate carries the 
dirt and sand on top of the metal stream, washing it into 
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the riser. Whirl gates are particularly useful in the produc- 
tion of gears, handwheels, and similar castings. In these 
applications, the ingate between the whirl gate and the 
mold cavity enters the cavity at a tangent. This causes the 
molten metal to run in one direction, avoiding cold shuts 
that might be formed if the metal were allowed to flow sev- 
eral ways at once to meet at several points in the mold. 


STRAINER GATE TOP 
STRAINER GATE 
CORE 


C STRAINER 
GATE BOTTOM 


IN -GATES 
WHIRL GATE 





Figure 7—4.——Combination gates. 


To be effective, the diameter of the whirl must be larger 
than that of the riser above it. Further, the cross-sectional 
area of the gate between the sprue and the whirl must be 
larger than that of the gate between the whirl and the cast- 
ing. This is necessary to permit the swirling action to take 
place. If the ingates were the same size, the metal would 
flow through the whirł just as if it did not exist. 

Any gating system, no matter what its design, should be 
formed as a part of the pattern whenever possible. A gate 
thus formed has better resistance to erosion than one cut 
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with molding tools. Whether gates are formed by the pat- 
tern or tooled in by the Molder, they should be so constructed 
that they serve the purpose intended in the best possible 
manner. By keeping the above information in mind and 
following the general rules given below, the Molder can be 
reasonably sure that his mold has adequate gating. 





Figure 7—5.—Typical example of multiple gates. 


1. Use round gates whenever possible. A round gate 
passes more metal than a rectangular gate having the 
same cross-sectional area with less erosion because there 
is less surface area. 

2. Construct a gating system that permits metal to enter 
the mold cavity at as many points as possible. This 
technique will reduce and distribute hot spots in the 
mold. A typical example of multiple gating 1s illus- 
trated in figure 7-5. Note the use of the runner gated 
into risers. 
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3. At the point of Junction, make the cross section of the 
ingate smaller than the cross section of the casting. If 
this provision is not made, the gate upon solidification 
will tear the casting. This may necessitate choking 
(reducing the cross-sectional area) the gate slightly. 
However, choking must not be so severe as to increase 
the velocity of metal flow into the mold cavity or to 
produce a shower nozzle effect. 

No one gating system is best for all purposes. The size, 
shape, and cross-sectional thickness of the casting are im- 
portant considerations. In addition, the Molder must con- 
sider the metal to be poured. Best results with brass and 
bronze castings are obtained when top pouring is possible. 
Metals having heavy drossing characteristics (aluminum- 
magnesium alloys) should be bottom-gated. On the other 
hand, any gating system suitable for the casting’s design is 
satisfactory with ferrous metals. Sprues, gates, and risers 
for steel castings, however, must be slightly larger than for 
other metals because of steel’s low fluidity. 


Risers 


Castings having a simple design may be produced by 
utilizing nothing more than a top gating system. More 
often, though, the shape of the casting requires the use of 
risers as well as a suitable gating system. To the foundry- 
man who does not understand a riser’s purpose and function, 
its use in mold construction is often thought to be a waste 
of time, effort, and metal. Nothing could be farther from 
the truth. In fact, few sound castings can be produced 
without the use of a riser to supply hot metal to the casting 
as it solidifies. 

During the casting process, a riser is a reservoir of re- 
serve hot metal from which the casting draws during solidi- 
fication. If reservoirs of metal, upon which the casting can 
“feed,” are not available, voids or shrink cavities may 
develop in the casting. The mere provision of a riser, how- 
ever, does not assure a sound casting. To be effective. the 
riser’s shape, size, and location must be such that it serves 
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the section needing additional metal during the final stages 
of solidification. Further, the metal in the riser must be 
the last to solidify. If the riser or any portion of it solidi- 
fies before the casting, the riser will draw metal from, in- 
stead of supply metal to, the casting. 

From the standpoint of solidification, the ideal shape for a 
riser would be that of a sphere because it has the smallest 
surface area for a given volume. A sphere, however, is im- 
practical for a riser. So the Molder uses the next best geo- 
metrical design—a cylinder. The least desirable shape is a 
rectangle or square because the large amount of surface area 
at the corners accelerates solidification. Although it may be 
necessary to modify the cylindrical shape of a riser at the 
point of attachment to the casting, this area should avoid 
square corners, and all riser portions above the point of at- 
tachment should be cylindrical. 

The riser’s size is determined by the section of the casting 
it feeds. Sections that require feeding are those whose ad- 
jacent areas have different cross-sectional thicknesses; for 
example, where casting walls intersect in the form of a tee. 
Examples of sections requiring a riser, as well as a useful 
method for determining the size of riser contact areas, are 
illustrated in figure 7-6. 

In determining the size of a riser, the first step is to draw 
a full-sized cross-sectional view of the section requiring the 
riser. Next, describe the largest circle possible in that area 
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Figure 7—6.—Calculating the size of a riser. 
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(see circle a in either A or Ë of figure 7-6). Measure the 
diameter of the circle described. Multiply that measure- 
ment by 1.5. The result is the diameter of the contact area 
of a suitable riser for the section considered. The diameter 
above the neck of the riser may be slightly larger than the 
diameter of the contact area. ` 

Having determined the diameter of the riser, the next 
consideration is its height. Some Molders think that the 
higher the riser the better. Their thinking is that the extra 
head pressure developed by a column of molten metal having 
greater height will keep the neck area of the riser open. 
Actually, the maximum effectiveness of a riser is attained 
when its height is 1.5 times its diameter. Any height in 
excess of the 1:1.5 diameter-to-height ratio is a waste of 
metal. 

As illustrated in figure 7-6, risers must be so located that 
they can directly serve the area requiring extra metal. If 
the riser shown at B were located on top of the flange rather 
than on the side, as shown, the large cross-sectional metal 
area at the tee would not be served. 

Two kinds of risers are employed in mold construction: 
open risers and blind risers. Open risers, as shown in figure 
7-6, are cut all the way through the cope. Blind risers, on 
the other hand, are not. A typical application of a blind 
riser is diagrammed in figure 7-7. 

The function of both open and blind risers is fundamen- 
tally the same. Open risers are somewhat easier to construct, 
but blind risers may be more effectively positioned. Further, 
the dome shape of a blind riser approaches the ideal spheri- 
cal shape and, therefore, is more effective as a reservoir of 
molten metal. As an example of comparative effectiveness, 
laboratory experiments reveal that open risers do not usually 
deliver more than 20 percent of their volume to the casting; 
whereas, blind risers deliver as much as 40 percent. 

Here’s one reason why a blind riser is more effective than 
an open riser: Since a blind riser is completely surrounded 
by sand, the metal in the riser stays molten and hot longer. 
In an open riser, a great deal of heat is lost to the atmosphere 
through radiation. It is apparent, then, that to meet a given 
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Figure 7—7.—Principles of blind riser feeding. 


need the size of a blind riser may be somewhat smaller than 
that of an open riser. This is a distinct advantage from the 
standpoint of the total amount of metal needed to pour a 
series of castings. 

Both types of risers must be open to the atmosphere in 
order that atmospheric pressure (14.7 pounds per square 
inch) may bear upon the molten metal in the riser and thus 
feed the casting. This condition exists in an open riser so 
long as a channel through the neck of the riser is open. 
In a blind riser, access to the atmosphere is provided by a 
vent core, as shown in figure 7-7, In the same illustration, 
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the vectors (down arrows) represent atmospheric pressure 
passing through the mold (remember permeability) and into 
the partially solidified riser through the vent core. The size 
of the vent core depends on the riser’s diameter. A blind 
riser having a diameter up to 3 inches utilizes a vent core 
from 3% to 14 inch in diameter, while a riser having a six- 
inch diameter requires a 34-inch-diameter vent core. 


Vents 


In addition to being provided with pouring basins, sprues. 
gates, and risers, molds must be vented to permit the easy 
escape of gases. Vents are needed to avoid the development 
of back pressure within the mold cavity. If back pressure 
develops, it will interfere with the flow of incoming metal 
and may cause the entrapment of mold gas im the casting. 
Only the high points of the mold cavity are vented since 
the gas present will accumulate in these locations. 

Although vents are frequently made with a round rod, 
a better practice is to use a thin hacksaw blade. Rectangular 
vents thus made permit rapid solidification of metal that 
enters; whereas, a round vent may cause a small shrink 
cavity to develop in the casting. In either case the vents are 
provided by forcing the venting tool from the mold cavity 
up through the top of the cope. Vents are made after ramı- 
ming and striking off the cope. 


MOLDING PROCEDURES 


Thus far we have seen that sand molds are classified by 
(1) the sand practice enployed—green, dry, or skin-dried— 
and (2) the size of the mold constructed—bench, floor, or pit. 
A third method of classifying sand molds is derived from the 
basic design of the pattern, which in turn is determined by 
the shape of the casting. 

Mold classifications arising from pattern design center on 
the parting line. As pointed out in Chapter 2, several kinds 
of patterns are constructed, depending upon the requirements 
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of the part being produced. In regard to the parting line, 
we will concern ourselves with three kinds of patterns: (1) 
flat-back patterns, (2) 4plit straight-parting patterns, and 
(3) irregular parting-plane patterns. 

A flat-back pattern is one having a taper in one direction 
from a flat portion which may be formed on the joint or part- 
ing plane of the cope and drag. The mold cavity formed by 
flat-back patterns is confined to the drag portion of the mold. 
Obviously, only simple shapes may be produced with flat- 
back patterns. 

Straight-parting split. patterns are tapered in two apposite 
directions. The mold cavities formed with these patterns 
are not confined to the drag but are, in general, in both the 
cope and the drag in relatively equal proportions. 

Irregular parting-plane patterns are those having shapes 
which do not lend themselves to the formation of a straight- 
parting plane at a mold joint. Patterns of this sort require 
a special molding technique known as coping out. In this 
procedure the Molder cuts the irregular parting line by hand 
rather than form it with the mold board. In certain cases. 
especially in repetitive work, a special mold board is used. 
The following subsections will illustrate and describe the 
molding procedure used with flat-back, split, and irregular 
patterns. However, since split patterns are most common. 
greatest emphasis is placed on molds constructed with them. 


Molding Split Straight-Parted and Flat-Back Patterns 


The procedure for constructing a mold with a flat-back 
pattern is similar to that followed in ramming a mold made 
with a split pattern. Therefore, it is necessary only to de- 
scribe the molding procedure for split patterns and point out 
the difference bet ween flat-back and split pattern molding. 

Figure 7-8 illustrates the basic difference between these 
two types of molds. Notice that the mold cavity (shaded 
area) in the mold shown at A is located entirely in the drag. 
This is always true in flat-back molding. On the other hand, 
the mold cavity of molds made with split patterns (figure 
7-8B) is p: a in the drag and partially in the cope. If 
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we ignore the cope portion of the mold cavity in B, it is ob- 
vious that ramming the drag half of a split pattern is no 
different than ramming the drag of a flat-back. The cope of 
a mold made from a flat-back pattern contains only rammed 
sand, except for the sprue and riser. 





Figure 7—8.—Differences between molds made with flat-back and split 
straight-parted patterns. 


Bearing in mind the above similarities and differences, we 
may proceed with a description of the molding procedure 
employed to produce a mold made with a split straight-parted 
pattern. The first section of the description which follows, 
including figures 7-9 through 7-11, applies equally to flat- 
back as well as split pattern molds. 

The first steps in the construction of a mold are shown in 
figure 7-9. You no doubt recognize the part of the pattern 
being placed on the bottom board as being the one discussed 
in Chapter 2. Prior to placing the pattern in position, how- 
ever, the Molder selects a flask of suitable size and places the 
drag, pins down, on a smooth mold board. 

The flask selected must be large enough to provide sufficient 
room between the flask and the pattern, sprue, gates, and 
risers. Not only must the length and width of the flask be 
adequate, but also the depth must be such that enough space 
for sand is provided above and below the casting to avoid 
any danger of metal breakout or mold strain. When selecting 
a flask, it is best to err on the side of safety. Choose a flask 
that is too large, rather than one too small. 

If the flask selected is an interchangeable flask (see figure 
3-3A ), it doesn’t matter which edge is placed on the bottom 
board. But, if the flask has permanently attached pins (these 
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pins are always on the drag), the flask is usually placed on 
the mold board with the pins pointing down. The pins are 
in this position while the drag is rammed so that when it is 
reversed, or rolled over, the cope may be attached. (See 
figures 7-11B and 7-12B.) In either event, the mold board 
should have a smooth surface and it must be large enough to 
extend slightly beyond each edge of the flask. 

Before proceeding, carefully check the pattern to see that 
all pieces fit properly; that it is clean; and that it is ade- 
quately shellacked. The pattern should be in good shape 
when you receive it from the Patternmaker. But check it 
anyway just to be sure. This is important. If pattern parts 
do not fit, the mold cavity formed will be inaccurate. If oil 
or other sticky substances are on the pattern, sand will adhere 
to the pattern when it is withdrawn. Here, too, an inaccurate 
and rough mold cavity results. Finally, if the pattern is 
not sufficiently protected with shellac, it will absorb moisture 





Figure 7—9.—Placing drag half of pattern and riddling sand into the flask. 
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from the damp molding sand. Moisture absorption will 
cause the pattern to warp, making it unsuitable for future 
use. 

Having checked the pattern, place the drag portion on the 
mold board as shown at A, figure 7-9. The drag portion of a 
spht pattern is always the part having the female dowel 
receptacle in the face of the joint or parting plane. After 
positioning the drag half of the pattern on the mold board, 
gently shake parteen or similar parting material over the 
pattern. With the bellows, blow away the excess, leaving 
only a thin film of parting on the pattern. As pointed out in 
Chapter 6, any excess of parting flour will absorb moisture 
from the sand, ball up, and spoil the mold surface. 

Next, riddle facing sand to a depth of about 1 inch over 
the pattern (see B, figure 7-9). Tuck the riddled facing 
sand into all pockets and corners and hand pack the sand 
around the pattern. Riddling and tucking are essential 
for good pattern reproduction. 
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Figure 7—10.—Ramming the drag. 
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Following the tucking operation, backing sand—to a 
depth of 3 or 4 inches—is placed in the flask. This sand, as 
shown in figure 7-10A, is firmly rammed with the peen of 
a rammer. The hardness to which the sand is rammed 
depends on the molding material. All-purpose sand is 
rammed as hard as possible, using a pneumatic rammer if 
one is available. On the other hand. hard ramming must be 
avoided with a natural bonded sand. 

The remaining steps in ramming the drag are shown at 
' B (filling the drag with heap sand), C (topping off with the 
butt), and D (striking off). The drag is heaped full to in- 
sure that sufficient sand is available for topping off. When 
topped, the drag is “struck off” with a straightedge. 

After striking off the drag, place a follow board in posi- 
tion as shown at A, figure 7-11. This “board” may be 
wooden, or it may be metal. Since the follow board will 
support the mold during the pouring procedure, a per- 
forated metal device is preferable because it eliminates the 
fire hazard that exists when wooden boards are used. 

The follow board must bear fully on the sand. To ascer- 
tain that this requirement has been met, remove the follow 
board and inspect the mold surface. If shallows exist. 
spread sand over those areas and make a uniform contact 
surface. .A common practice is to sprinkle an even quarter- 
inch layer of sand over the mold surface prior to placing the 
follow board in position. Then firmly rub the board back 
and forth. In any case, inspect the surface before rolling 
over the drag. 

Rolling over is not a difficult operation. In bench mold- 
ing. clamping is not necessary. The Molder, by placing 
his hands as shown at B. figure 7-11, can grip the mold board, 
drag, and follow board with suflicient pressure to control the 
action. Adeptness m rolling over a bench-mold drag, how- 
ever, requires practice. | 

When the drag of a floor mold is ready to be rolled over. 
it is necessary to securely clamp the mold and follow board 
In position to prevent disturbing the sand while the drag 
is moved. After reversing the drag the mold board (now 
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Figure 7—11.—Drag rolled over. 


on top of the drag, as shown at C figure 7-11) is removed 
and the mold face is cleaned and slicked. The condition of 
this surface is of great importance because it is the parting 
plane of the mold. 

The next operation performed depends upon the pro- 
cedure to be utilized in providing the sprue and risers. If 
the sprue is to be formed with a tubular sprue cutter (see 
Chapter 2), a small depression is made in the face of the drag 
to mark the location of the sprue and risers. The small 
dent-like marks will subsequently be reproduced as a small 
bump on the cope’s parting joint face. If it is planned to 
use sprue and riser sticks, nothing is done to the drag’s face. 

The next step is to place the cope half of the split pattern 
in position. Of course, if the pattern is a flat-back, this step 
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Figure 7—12.—Preparing the cope. 


is nonexistent and the Molder proceeds with the step shown 
at B—placing the cope in position. With this exception, the 
steps for ramming the cope, which follow, are identical for 
both flat-back and split patterns; that is, so long as the split 
pattern is small or has a simple design. 

With the flask’s cope section in position, shake parting 
flour over the pattern and parting surface (C, figure 7-12) 
and blow away the excess. Then place the sprue and riser 
sticks in position (D, figure 7-12), riddle an inch or so of 
facing sand into the cope, and tuck the sand around the 
pattern, risers, and sprue as shown in A, figure 7-13. 

Once the sticks are tucked in, fill the cope with backing 
sand and ram it home, using the same ramming technique 
described for the drag. When the cope has been struck off, 
tool in the pouring basin. Then gently rap tlie protruding 
portions of the sprue and riser sticks and withdraw them 
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ing the cope. 
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Figure 7—13 
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from the mold. Following this step, clean and slick the cope 
surface. 

Before proceeding further with our hinge-casting mold 
problem, it is advantageous that we discuss and illustrate 
the method used to reinforce the cope section of a mold when 
the casting to be produced has a more complicated shape 
than that of a simple hinge. For complicated molds, it 
is frequently necessary to reinforce the cope with gaggers. 
As you may recall, gaggers are L-shaped rods that serve a 
function in molding similar to that served by steel rods in 
the construction of reinforced concrete buildings. Rein- 
forcement in the cope is often necessary because the cope 
is subject to jarring when it is moved to open and close the 
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Figure 7—14.—Finishing touches to face of cope. 
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Figure 7—15.—Using gaggers in the cope. 


mold. A further need for reinforcing the cope arises from 
the tendency of molten metal to lift, strain, or push up the 
cope. | 5 

Although wooden bars may be used to support the gaggers, 
it is advisable to employ metal supports as illustrated in 
figure 7-15. Heat radiates from molten metal. Often the 
degree of temperature attained is sufficient to burn wood. 
Therefore, if wooden gagger supports are used, gas forma- 
tion may result. If gas formation occurs near the mold 
cavity, the pressure developed may be sufficient to blow the 
molten metał from the mold. Bars for supporting the 
gaggers should be located at a minimum of two inches from 
the pattern. When so located these bars more effectively 
serve (1) as gagger supports, (2) to prevent cope sand from 
dropping, and (3) to prevent the cope from being lifted 
by the hydrostatic pressure of molten metal. 
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After the gagger support bars have been positioned, part- 
ing material applied, and a layer of facing sand riddled into 
the cope and tucked around the pattern, the gaggers are set 
in place. The appearance of a suitably gaggered mold be- 
fore the addition of backing sand is shown in figure 7—15. 
When ramming a mold in which gaggers have been placed, 
care must be exerted to avoid forcing the gaggers into con- 
tact with the mold cavity. If this condition exists, difficulty 
will occur when the mold is poured because the molten metal 
will fuse to the gagger. Some Molders, upon discovering 
an exposed gagger after withdrawing the pattern, will Knock 
it back and patch the mold cavity with facing sand. This 
procedure is not recommended because it destroys the sup- 
porting value of the gagger. However, knock back is better 
than an exposed gagger. The best policy is to prevent such 
a situation by careful ramming. 

Whether or not gaggers are employed depends on the size 
and complexity of the mold and the pattern. At any rate, 
when ramming is completed and the cope surface has been 
cleaned and slicked, the mold is vented. . Use a hacksaw 
blade—rather than a vent rod—for this purpose. Before 
preparing to open the mold to remove the pattern, blacken 
the pouring basin with graphite. 

The method used to open a mold depends on the size of 
the mold. Large floor molds may require the use of a hoist. 
In this case, the cope parting joint remains in the same plane 
in which it was rammed. With other molds, the cope may 
be placed on its side after being lifted from the drag. When 
the mold is small, as in our hinge problem, the usual pro- 
cedure is to reverse the cope as shown at A, figure 7-16. 

Having opened the mold, remove any loose particles from 
the mold joint with the bellows or compressed air. Then 
slightly moisten the sand around the pattern with the brush 
of a wet bulb (see figure 2-11). Next, force a drawspike 
into the center of the pattern. Gently rap the spike from 
side to side and front to back with a short rod. Continue 
rapping until the pattern is loose enough to be withdrawn 
from the sand. 
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Figure 7—16.—Completing the mold interior. 


Having withdrawn the pattern, cut in the gates between 
the sprue and riser, the riser and mold cavity, and the mold 
cavity and the second riser. In the mold shown in figure 
7-16, the gate between the sprue and riser is confined to the 
drag while the ingates between the mold cavity and the 
risers are cut in both the drag and the cope. The channel 
thus formed with the gate cutter is smoothed down with the 
fingers. And, any mold areas damaged during pattern with- 
drawal, or while cutting gates, are carefully repaired. 

To facilitate finishing, water is frequently sprayed lightly 
over the mold surface. However, if your sand is properly 
prepared, the water spray is not necessary. Whether or not 
a water spray is used, the finishing operation must remove 
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all loose sand, sharp corners, and projecting fins. If allowed 
to remain, they will be sources of cracks, shrinks, and dirty 
castings. 

Having finished tooling and slicking the mold surfaces, 
dust or brush graphite, if required (B, figure 7-16), over the 
tooled areas. Blow out the mold to remove excess blacken- 
ing and any loose sand that may be present. Ifa mold wash 
is to be used, it is applied at this time. Otherwise, the mold 
is closed and prepared for pouring. However, if the mold is 
not to be poured immediately, it is sprayed with water (as 
shown in C, figure 7-16) to prevent the mold surface from 
drying out. It must be remembered that whenever a water 
spray is used, either as an aid to finishing or to prevent dry- 
ing out, the mold must be permitted to air-dry for several 
hours before being poured. If the excess surface moisture 
added to the mold by spraying is not permitted to evaporate. 
gas (in the form of steam) will be generated, causing porous 
and unsound castings. 

The final step before pouring is closing the mold. Before 
closing, however, carefully inspect the mold’s interior. Al- 
though it may seem elementary, a point of utmost importance 
is this: Make certain that ingates have been provided. At 
one time or another it has been the experience of almost every 
Molder to find that, upon pouring the casting or subsequently 
shaking it out, instead of a casting he has only a sprue. By 
carefully inspecting the mold’s interior before closing, you 
may be able to avoid this very common molding experience. 

While closing the mold, the cope must be carefully lowered 
and accurately guided into position. If the cope is out of 
alignment while being lowered, mold damage is likely to re- 
sult. With the cope in position, inspect the joint to see that 
it is tight enough to prevent metal run-out. Then clamp and 
wedge the mold as shown at D, figure 7-16. 


Molding Irregular Parting-Plane Patterns 


Molds constructed with patterns in the third class, the ir- 
regular parting-plane patterns, require a somewhat different 
technique. Since they do not have a surface that can be 
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formed by the mold’s parting joint—as do flat-backs, for ex- 
ample—and since their design is such that a straight-parting 
split pattern is impossible, the Molder must utilize a tech- 
nique known as coping out. That is, the Molder must cut in 
the parting by hand instead of forming it with the mold 
board. 

When molding with ere patterns, the Molder’s abil- 
ity is definitely challenged. Each irregular pattern presents 
a problem that must be solved on its own merits. There is 
no standard solution. However, the problem presented by 
the boiler bracket—illustrated at A, figure 7-17, and dis- 
cussed in the following paragraphs—will acquaint you with 
the basic points to be considered when molding irregular 
patterns. 

The first point to be determined is that of positioning the 
pattern so that it can be withdrawn from the mold. As you 
can readily see from the pictorial view at A, figure 7-17, the 
boiler bracket pattern cannot be molded as either a flat-back 
or a split pattern. Neither is its shape such that a 90-degree, 
vertical-lift draw can be made. How, then, is this molding 
problem solved? ‘The solution to this and similar problems 
requires visualization. That is, the Molder must mentally 
revolve the pattern into several positions and, from this ex- 
perience, choose the molding position most adaptable and 
practicable for the pattern. 

In the problem under consideration, ‘is flat surface of the 
bracket lip is the most suitable plane for the parting. To 
bring this surface into a position parallel with the mold 
board, a wooden support strip having the necessary dimen- 
sions is placed under the pattern’s lip. (See B, fig. 7-17.) 
Next, strips of wood having a thickness equal to that of the 
pattern support strip are placed under the flask to bring the 
lower edge of the flask into the same plane as that of the 
pattern parting line. It is obvious from this procedure that 
a portion of the pattern, and thus the mold cavity of the com- 
pleted mold, will extend into the cope section of the mold. 

Having positioned the pattern and flask, the procedure 
followed—riddling in facing sand, tucking, filling with back- 
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Adapted from Fundamentals in the Production and Design of Castings, 
by C. T. Marek; published by John Wiley £ Sons, Inc., 1950 


Figure 7—17.—An irregular parting mold. 


ing sand, ramming, topping off, striking off, and rolling 
over—is similar to that described for molds constructed with 
flat-back and split patterns. After the drag has been rammed, 
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rolled over. and the mold board removed, the technique em- 
ployed is quite different from that described for split pat- 
terns. In the previous split-pattern molding problem, it was 
necessary only to clean and slick the exposed mold surface, 
attach the cope, and proceed. In our present problem, the — 
parting plane must first be cut down by hand before cleaning 
and slicking the drag’s parting surface. 

Coping out in this problem is accomplished by removing 
the flask support strips from the upper edges of the drag. 
Then, with the strike off, cut down the parting over the lip 
as shown at C, figure 7-17. Next, cut down the parting be- 
hind the cope portion of the pattern, forming a. smooth 
rounded parting. (See the right-hand portion of the drag 
in E for a cross-sectional view of this portion of the parting.) 
D of this same illustration shows the parting surface of the 
drag completely tooled and slicked. All areas in which the 
parting surface changes direction are gently tapered. This is 
done to eliminate sharp directional changes in the parting 
plane. If the parting is formed with sharp corners, damage 
will probably result when the mold is opened and closed. 

With the drag completed, attach the cope section of: the 
flask, dust the exposed drag surfaces with parting material, 
and riddle in a layer of facing sand. Place gagger supports 
and gaggers in the cope in a manner similar to that described 
in connection with figure 7-15. Then finish ramming the 
cope in the conventional manner. 

It is obvious from the pattern’s position in the mold that 
its withdrawal, without disturbing the sand, is a tedious 
proposition. Since the back of the pattern is curved, the 
pattern must be withdrawn along the path of an are having 
a radius the same as that of the pattern. This step is illus- 
trated at F, figure 7-17. | 

The pictorial view of the drag at G shows how the mold is 
gated after pattern removal. H is a cross-sectional view of 
the mold after closing. The weight shown on the top of the 
mold is a device frequently used to aid the cope in resisting 
the upward push of the molten metal during the pouring 
procedure. 
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Sweep Molding 


Sweep molding is a technique that may wholly or partially 
eliminate the need for a pattern in the production of certain 
classes of castings. The technique is useful for constructing 
molds for castings having simple symmetrical cross sections. 

Just what is a sweep? Simply, it is a board, one edge of 
which conforms in outline to the cross section of the desired 
casting. By moving the sweep evenly through a compact 
bed of sand, the Molder shapes the bed to the outline of the 
sweep. 

The most common type of sweep, as illustrated in figure 
7-18, is for a circular casting that is symmetrical about its 
center. The sweep (or strickle) is bolted to an upright 
spindle attached to the mold board. Turning the sweep on 
the spindle forms the heaped sand into the desired shape. 

A cross-sectional view of the dome-like object selected to 
illustrate the principle of sweep molding is shown at A, 
figure 7-18. In this problem, a technique is utilized which 
sweeps the cope indirectly. But even so, two sweep boards 
must be made. The first step is to carefully calculate the 
inside and outside dimensions of the dome. (Actual dimen- 
sions would be obtained either from the blueprint or from 
the object itself if a broken part is furnished as a sample.) 
Don’t forget to make the proper shrinkage allowance when 
you lay out the sweep boards. 

One sweep board will have the form and dimensions of 
the outside of the casting; the other will have the form and 
dimensions of the inside of the casting. In figure 7-18_A, 
the cope sweep’s outline is represented by the solid line, 
while the drag sweep’s inner edge is indicated by a dash line. 
Mark the sweep conforming to the shape of the casting’s 
exterior surface “cope.” Mark the other sweep “drag.” 

Having made the sweeps, bolt a suitable spindle to the 
mold board; attach the cope sweep to the spindle; place the 
drag portion of a flask on the mold board; and fill the flask 
with sand and pack it around the spindle. Then swing the 
sweep around the spindle, removing the excess sand as you 
proceed. The symmetrical mound thus formed has the same 
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shape as the outside castings and it will serve as the pattern 
for producing the cope. 

Before setting the cope section of the flask in position, 
remove the cope sweep from the spindle and cut in the part- 
ing. The parting is formed by removing all sand lying in 
the triangular area between the bottom portion of the swept 
mold cavity and the upper edge of the drag flask. The sand 
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Figure 7—18.—Sweep molding. 
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removed for the parting is represented by the shaded area 
in the cross section of the drag shown at B, figure 7-18. 
When all tooling is completed, blow out the drag, dust it 
with parting flour, attach the cope, and ram it up m the con- 
ventional manner. (In this problem, gaggers to provide 
support for the cope sand are essential.) 

After ramming the cope and removing it from the drag. 
attach the drag sweep to the spindle and cut the mound in 
the drag to conform to the inside dimensions of the casting. 
Sprues, gates, vents, and risers are to be provided during 
the course of the molding procedure. 

Although there are many variations to the technique de- 
scribed in this section, the principles outlined are typical of 
sweep molding. It is doubtful that you will have many oc- 
casions to use this molding method. The shape of the gen- 
eral run of castings is not such that sweeps may be adapted. 
Nevertheless, it, like the other molding problems treated in 
this chapter, is typical of those problems which you, as a 
striker or Molder third class, are expected to handle. To 
be sure, there are more complicated problems requiring solu- 
tions in the Navy’s foundries. You will no doubt help other 
Molders solve problems and construct molds involving com- 
plicated cores; or, you may work with patterns having a 
number of loose pieces. Although these aspects of molding 
are not treated in this book, the fundamentals presented 
herein will help you gain an understanding of more com- 
plex problems. Further, they will aid you in acquiring the 
basic knowledges and skills necessary to accomplish more 
difficult tasks. Master the simple techniques, and the more 
difficult ones will tend to take care of themselves. Finally, 
don't just read the book. Put what you learn into practice. 
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14. 


15. 


QUIZ 


. When are skin-dried molds used to produce castings? 
. Name the basic elements of a mold other than the cope, drag, 


cheek, and mold cavity. 


. What is the purpose of a pouring basin? 
. Name two functions that a gate must serve. 
. Why is it advantageous to have the gating system formed as part 


of the pattern? 
What is a riser? 


. What determines the size of a riser? 

. Why is a blind riser often more effective than an open riser? 
. How is the development of back pressure in the mold avoided? 
10. 
11. 
12. 
13. 


Name three ways in which molds may be classified. : | 
Why must a pattern be thoroughly covered with shellac? 
Why should the use of wooden gagger support bars be avoided? 


When is a water spray unnecessary as an aid in finish-tooling a 
mold? 


When does the Molder use the technique of “coping out”? 
What is sweep molding? 
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CHAPTER 8 


CORE MAKING 
WHAT IS A CORE? 


Thus far we have been primarily concerned with the 
tools, equipment, materials, terminology, and techniques 
used in the production of castings having a solid metal cross 
section. From time to time, reference has been made to 
hollow castings. We have said that cores are used to pro- 
duce void areas in cast items, and that devices called chaplets 
are sometimes used to support cores in molds. In this chap- 
ter we will discuss the function and characteristics of cores, 
the materials from which they are made, the special equip- 
ment employed in their manufacture, the basic principles of 
core making, and some of the problems encountered. But 
first, what is a core? 

A core may be defined as a mass of specially treated sand, 
possessing characteristics which enable it to occupy vital por- 
tions of the mold cavity for the purpose of forming internal 
and external parts of the casting without breaking, dis- 
torting, or eroding while the core is made and assembled or 
while the casting is poured. Moreover, a satisfactory core 
maintains its strength during the initial stages of metal 
solidification; but, at the proper time after initial metal 
solidification (or skin formation), the core disintegrates to 
permit normal metal shrinkage during the final phases of the 
casting’s solidification. 

The process of core making is the reverse of molding. In- 
stead of packing sand around a pattern, the core sand is 
usually shaped in a hollow pattern, called a core box. Gen- 
erally, cores fall in two classes: green sand cores and baked 
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cores. Green sand cores are usually made from regular mold- 
ing sand and, in many cases, are formed by the pattern. 
Baked cores are made from a special sand mixture. Astheir 
name implies, they are dried out by baking in an oven after 
they have been shaped to a desired form in a specially con- 
structed core box. A third core classification, green-topped 
cores, is also common in the production of cast values. A 
green-topped core is a combination of green and baked sand. 
That is, a part of the core is baked sand while another portion 
is green sand. However, whether the core is green, baked, or 
green-topped, it must possess certain properties and char- 
acteristics. 


CHARACTERISTICS OF CORES 


It is obvious that a core must possess the shape required 
by the casting. Over and above that requirement, however, 
it must possess certain desirable properties. From the defi- 
nition given in the preceding section, you can see that the 
material from which the core is made must possess strength 
in both green and dry conditions, that it must possess suffi- 
cient refractoriness, and that it must possess collapsibility. 
In addition, the mass making up the core should generate 
only a minimum quantity of gas during the casting proce- 
dure; also it must be sufficiently permeable to readily pass 
off any gases formed. Finally, the core’s construction and 
characteristics must facilitate easy removal from the cooled 
casting. 

From a previous discussion—in Chapter 6—you became 
familiar with the meaning of such terms as green and dry 
strength, refractoriness, permeability, collapsibility, etc. 
Here we need merely point up the role of these properties 
in relation to cores. 

Green strength is necessary to enable the core to maintain 
its shape and dimensional accuracy after being rammed and 
removed from the special core box in which cores are usually 
formed. Dry strength is required to enable the core to with- 
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stand handling during core assembly and setting in the mold, 
as well as during the initial phases of solidification. Refrac- 
toriness is essential to enable the core to withstand the heat 
of surrounding molten metal. Permeability facilitates vent- 


ing off gases. And core disintegration through the sand’s ` 


collapsibility permits normal metal shrinkage and easy core 
removal. 

The foregoing desirable properties are obtained through 
the proper selection and preparation of the core material 
employed, and through the use of proper core-making tech- 
niques including ramming, sand preparation, venting, bak- 
ing, pasting, and setting. As you study the subsections which 
follow, remember that a satisfactory core embodies all of the 
factors mentioned. Further, remember that if any one step 
in core making is haphazardly or incorrectly performed, the 
core’s usefulness may be destroyed. This, of course, is true 
of all steps taken in foundry work, not only of core making. 


CORE-MAKING MATERIAL 


Washed silica is the basic substance of a core just as it 
is the basic ingredient of a synthetic molding sand. Silica 
for core making, though, 1s a somewhat coarser-grained ma- 
terial than that generally used in molding. For that reason, 
the material is often called coRE GRAVEL. However, its tex- 
ture is comparable to that of an AFA grain class 5 molding 
sand whose predominant grains range between a grain fine- 
ness of 50 and 70. As a matter of fact, you may use an AF A 
grain class 5 washed silica sand as a substitute for core gravel. 

The ingredients added to the gravel to obtain a suitable 
core-sand mixture depend upon the type of core being made. 
If the mixture is for a baked core, it will contain such in- 
gredients as linseed oil, cereal binder, and kerosene in addi- 
tion to silica and water. If the mix is for a green sand core, 
the ingredients are similar to those included in the all-pur- 
pose sand described in Chapter 6. In either case, you should 
prepare the combined materials in a sandmuller to assure 
proper mixing. 
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The function of the several ingredients in a sand mixture 
for BAKED CORES 1s as follows: LINSEED, or commercial core- 
oil binder, imparts dry strength. The usual amount of lin- 
seed used is 1.5 percent. This percentage may be increased 
or decreased between 1 and 2 percent as required to produce 
a core having the proper strength. K#RosENE, in amounts 
up to 1.5 percent, helps to prevent the sand from sticking to 
the core box. And a small (0.5 percent) addition of corn- 
srARCH binder (Mogul) slightly improves green strength 
and contributes to a core’s dry strength. The remaining 
ingredients—silica and moisture—serve the same purpose in 
core sands as they do in molding sands. A satisfactory mix 
for most baked core applications is: | 


Percent 
Washed silica core eravel____ 97.0 
Cornstarch binder----------------------—-—- 0.5 
TAMSCOC ol; ae u Z: u a Spa 1.5 
Peposene.ssszcc ucu lumu l mu Z a ee 1.0 
Moisture (by test) -_- _ 5. 0 


The exact amount of each ingredient needed to prepare 
the above mixture is calculated as described for a batch of 
synthetic sand. (See Chapter 6.) | 

The formula for baked core sands may be altered, if de- 
sired, to meet the needs of the Job. For example, if your 
core must possess extra resistance to metal penetration, as 
is the case when a large volume of molten steel surrounds 
the core, you can substitute silica flour for a portion of the 
core gravel. The inclusion of silica flour serves to close the 
core’s surface pores. Silica flour substitutions vary from 
10 to 30 percent. depending upon the amount of metal pene- 
tration to be resisted. ` 

A suitable GREEN SAND core mixture may be obtained by 
slightly modifying the basic formula for all-purpose sand. 
The percentage of dextrine, cornstarch, and total moisture 
is increased; the washed silica content decreased; while the 
bentonite percentage remains the same. A comparison of 
the all-purpose sand formula (see Chapter 6, page 185) with 


235 


the green sand core formula given below will illustrate the 
differences between the two mixtures. 


Percent 
Washed silica (minus water) --------------- 95. 0 
Bentonite os c u eee 3. 0 
Dek ttitiecs 22a eS ete ees, ed 
Cornstarch (Mogul) ----------------------- 0.5 
Moisture (total shown by test at end of 

Wik \oecnso sane tthe eee eg 4.0 


In a green sand core mixture, the dextrine causes the core’s 
surface to harden without baking. You get core strength 
through hard ramming and the use of reinforcing rods. 
Then, after drying for an hour and a half, green sand cores 
become strong enough to move if they are carefully handled. 

With either of the two core sands, the mixing procedure 
followed should provide for a short but thorough mulling of 
all dry ingredients before the liquids are incorporated. In 
each case the specified moisture content is obtained by adding 
water slowly and as necessary to produce the desired moist ure 
content at the end of the total mixing time. 

When mixing sand for baked cores, incorporate the oil into 
the batch before adding water. According to data presented 
by an American Foundry Society investigator, oil does not. 
have an opportunity to thoroughly coat each grain of sand 
unless it is added first. Therefore, when preparing baked 
sand core material, more consistent results are obtained by 
adding water last. 

Many kinds of core mixtures are employed by industry. 
Some commercial foundries have a special formula for each 
type of casting or core produced. In the Navy, though, 
storage facilities are limited and it is impracticable to have 
the variety of materials needed to produce specialized core 
mixes. In some instances a special core mix may be more 
suitable for a particular casting job than the mixtures dis- 
cussed in this section. However, you can make cores that 
will get the job done with the core mixes presented herein— 
if they are properly prepared and used. 
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Several materials closely related to core and molding sands 
are also used by Navy Molders. These materials are paste, 
filler, and wash. A core paste is used to join core sections 
together. A core filler is used to seal cracks and otherwise 
effect repairs. A core wash, like a mold wash, serves to 
prevent metal penetration. These materials may be made 
from the same ingredients, but they are present in different 
amounts. When making paste, filler, or wash, mix,the dry 
ingredients thoroughly before adding water. 

A CORE PASTE, easily prepared in the shop, contains 91 per- 
cent silica flour, 6 percent dextrine, and 3 percent bentonite 
with sufficient water added to produce a mixture having the 
consistency of thin putty. Another satisfactory paste may 
be prepared by adding water to a dry, finely ground material 
obtained from GSK. Other types of reliable core pastes 
are also available. While any of them may be applied to 
the core joint with a brush, a small paddle spreader is better. 

CORE FILLER is a substance best applied and smoothed with 
the fingers. This material is prepared by mixing dry a 
batch consisting of 94 percent silica flour, 3 percent dextrine, 
and 3 percent bentonite. To this dry mixture, add enough 
water to develop the consistency of thick putty. Filler, in 
addition to sealing cracks of core joints, may be used to re- 
pair damaged portions or to build up areas not true to size. 

Along with pastes and fillers the Molder frequently paints 
or sprays the core with a wasu having the same composition 
as that described in Chapter 6. (See silica-flour mold 
washes.) These three materials—paste, filler, and wash— 
have much incommon. First, they are made from the same 
basic ingredients. Second, they should be mixed dry in a 
closed container before adding water. Finally, after they 
are applied, the core must be dried out before being used. 
Adequate core drying may be obtained by returning the core 
to an oven or by permitting it to air-dry for about four hours. 
Core pastes and fillers are almost indispensable to the job- 
shop core maker. Washes, however, should not be used un- 
less absolutely necessary. 

Many small cores may be formed by using only those ma- 
terials thus far discussed. Large cores, ower er, or cores 
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having an intricate shape, require internal support. And, 
in some instances, devices for lifting and handling the core 
may also be necessary. Internal support is obtained through 
the use of wire rods and arbors. Lifting hooks are fre- 
quently attached to the core’s internal supporting frame- 
work to facilitate the handling of large cores. 

Rops AND ARBORS serve an identical purpose in core mak- 
ing; that is, both provide support against twisting, bending, 
and breaking while the core is being handled or while the 
casting is being poured. Rods from 1⁄4 to 34 inch in diameter 
are used to provide support in smaller cores, while arbors are 
usually necessary in medium- and large-sized cores. Core 
rods are bent to the desired shape by hand. Arbors are 
formed by pouring molten metal into open sand in which 
the shape of the arbor has been molded. A typical arbor 
for a medium-sized core is illustrated in figure 8-1. 





Figure 8—1.—A typical arbor. 


Arbors are seldom necessary in the cores produced in the 
Navy’s shipboad foundries. But only the simplest of cores 
may be constructed without rodding. Effective rodding 
often involves more than just laying rods loosely in the body 
of the core. Occasionally a framework of rods, similar to 
that shown at B, figure 8-2. is wired together. This tech- 
nique is essential for cores that require lifting eyes or hooks 
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to facilitate handling. In the example given, lifting de- 
vices (C, figure 8-2), if required, are secured to the corners 
which are the strongest portions of the frame. 







All intersections Wired 






E n. 


Courtesy of Mechanite Metal Corporation 





Figure 8—2.—Rodding and lifting devices for cores. 
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Rops may be used to strengthen the core in a number of 
ways. Each core presents a special problem and must be 
considered on its own merits. Just as pockets and bulges 
must be gaggered in the cope and cheeks of a mold, so must 
similar parts of the core be rodded. A, figure 8-2 illus- 
trates a few of the various ways in which it may be necessary 
to bend rods for different kinds of core shapes. 


CORE-MAKING EQUIPMENT 


Much of the equipment in the foundry—hand tools and 
sand-mixing equipment—serves a dual purpose in that it is 
used for both molding and core making. However, there 
are several items in addition to regular molding equipment 
that are essential for the production of satisfactory cores. 
These extra devices are core plates, core ovens, core files, and 
usually a core box. There are others, of course, but these 
represent the minimum essentials. 

CorE PLATES are made from many materials—aluminum, 
steel, cast iron, asbestos—and are available in a variety of 
sizes. Their function in core making is to prevent rammed 
sand from falling out of a container when it is “rolled over.” 
In addition, though, a core plate is used to support the core 
during baking. For that reason, the surface of the plate 
must be perfectly straight; otherwise the baked core will 
be distorted. Further, the plate must be clean to prevent 
foreign matter from being baked onto the core. Finally, 
the plate should be perforated to facilitate the baking of 
baked cores and the drying of green sand cores. 

Core OVENS of many types and sizes are manufactured for 
use in the foundry. Most commercial plants use ovens that 
derive their heat from the combustion of coal, coke, oil, or 
gas. Core ovens furnished Navy foundries, however, are 
electrically heated, shelf-type ovens having vertically hung — 
doors. They are made much like a steel locker except that 
they are double-walled, having a space of about four inches 
between the inside and outside walls of the oven. This space 
is filled with a high-grade thermal insulating material to 
keep oven heat-loss to a minimum. 
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The inside of the oven is fitted with brackets for support- 
ing two adjustable perforated shelves. The brackets are 
arranged on 6-inch centers throughout the vertical height of 
the oven, thus making it possible to arrange the shelves to 
handle variously sized cores. Each shelf is sufficiently rigid 
to support one-half pound per square inch of shelf surface. 
The maximum work load, of course, depends on the oven’s 
size. In the 54” X 36” x 36” core oven, which is the size 
most frequently available, the maximum work load is 3,000 
pounds. 

Temperatures necessary for baking are produced by elec- 
tric resistance heater units. These units are so designed that 
any desired oven temperature between 200° F. and 650° F. 
may be set and maintained through the adjustment of tem- 
perature-contro] devices located on a control panel. To per- 
mit fast, efficient heating, the oven is provided with a re- 
circulating system (consisting of ducts and a blower) to 
recirculate the heating chamber’s hot air. In addition, by 
opening and closing dampers, fresh air may be taken into the 
recirculating system’s air-mixing chamber in controllable 
amounts. Oven air changes are adjustable over an approxi- 
mate range of 10 to 60 oven changes of fresh air per hour. 

Oven temperatures are measured by a permanently in- 
stalled thermocouple (see Chapter 3) and are recorded on a 
dial-type temperature indicator calibrated in degrees 
Fahrenheit. By setting the temperature-contro] selector, 
you can automatically maintain any desired oven tempera- 
ture. 

Some features built into the Navy’s newest core ovens are 
an automatic cut-off switch and an explosion relief latch. 
The automatic cut-off switch opens the heater unit’s power 
circuit whenever the oven door is open. The explosion re- 
lief latch normally holds the door closed; but if a gas pres- 
sure exceeding one-half pound per square inch develops in 
the oven chamber, the latch automatically releases, permits 
the oven door to open, and thus cuts out the oven heater cir- 
cuits. Although older core ovens do not embody these latter 
safety features, they are otherwise substantially the same. 
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If the heater circuit does not automatically cut off when the 
door is opened, youll have to open the heater-unit power 
circuit if, for any reason, the oven must be opened while 
baking cores. 

Since equipment differs from one shop to another, always 
check the instruction books furnished by the manufacturer 
for the details of the equipment you have available. In addi- 
tion, have an older hand in the foundry show you the correct 
and safe operational procedure. 

A CORE FILE is probably the only specialized core-making 
hand tool. To be sure, other hand tools are used in the 
process of making a core—pliers and calipers, for example— 
but they have other uses as well. The core file is useful only 
in core work. 

Core files are used to alter the surface of a core just as 
regular files are used to shape wood or metal. Core files have 
the appearance of standard, half-round, tapered files. How- 
ever, they are made from an abrasive material similar to that 
of a coarse emery wheel. All files, and hand tools in general, 
should be handled carefully. This is especially true for core 
files. Because of their brittleness, the slightest abuse will 
cause them to break. 

CorE Boxers are final products as far as the Patternmaker 
is concerned. To the Molder, though, they provide a means 
to an end just like any other tool or piece of shop equipment. 
Nevertheless, core boxes are highly desirable “pieces of equip- 
ment.” Why? Because cores made with them have smoother 
surface characteristics, greater dimensional accuracy, and 
better resistance to erosion than those made with sweeps. 

Although naval shipyard and production foundries fre- 
quently use permanent metal core boxes, shipboard foundries 
and job shops use wooden boxes. The reason for this is that 
a particular core is required so seldom that the time and 
expense involved in the production of a metal core box is not 
warranted. 

Core boxes, like patterns, are constructed in different ways. 
The simplest is the one-piece core box. A box of this type 
will be used to illustrate the fundamental core-making tech- 
niques. Other boxes involve two, three, or more parts; many 
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incorporate loose pieces; and some are so constructed that 
two or more core sections may be rammed at one time—gang 
core boxes. Some of the more common types of core boxes 
are shown in figure 8-3. 


FUNDAMENTAL PROCEDURES 


Core making involves techniques similar to those employed 
in constructing a mold. However, as previously mentioned, 
the procedure is somewhat reversed. In molding, the objec- 
tive is to form a suitable sand cavity. In core making the 
objective is to produce a mass of sand having a definite geo- 
metric shape. Both processes require preparing sand, ram- 
ming, reinforcing, striking off, rolling over, and venting. 
But, in addition to similarities, there are certain differences. 
You will see these differences in the following pages. 

A first step in any core-making procedure is to determine 
the kind of core to be produced—green or baked—and to 
prepare the core sand. Next, inspect the core box for accu- 
racy of fit and cleanliness. Correct any defects discovered. 
Then gather the necessary materials, tools, and equipment 
for the job—rods, core plates, slicks, trowels, core wash, etc. 


Shaping the Core 


Having completed these preparatory steps, the procedure 
is as follows: 

Purace a uniform layer of core sanp in the core box cavity. 
The exact amount of sand depends on the size of the core. 
For small jobs you'll completely fill the box. For other jobs, 
a half inch is usually enough. At any rate, tuck the sand 
into all corners and recesses with your fingers. The tucking 
operation is most important; its omission is the source of 
many poor cores. 

Rop the core to provide it with the necessary internal sup-. 
port. This step is shown at A, figure 8-4. Then fill the 
box with core sand, pack it, strike it off, and slick it down, 
following a procedure similar to that used in molding. 
There is a difference. however: The sand must not be packed 
too tightly in cores that are to be baked. On the other hand, 
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green sand cores made from the standard mixture for green 
cores should be rammed hard. When you are making large 
baked cores, after a layer of core sand has been placed in the 
box, backing sand or coke is used in the place of core sand 
to fill up the center portion. This procedure provides a 
better venting in the core’s interior. Usually, the coarse ma- 
terial is removed after the core sections have been baked. 


A 
FACING SAND AND RODS IN PLACE 


CORE TURNED OVER, BOX DRAWN 


CROSS SECTION OF CORE 
AND PLATE 





Figure 8—4.—Forming the core. 


Placing rods in small cores is frequently accomplished by 
pressing the rods into a core box heaped full of loose core 
sand, and then ramming the core in the usual manner. 
. When cores are large or complicated in design, it is usually 
necessary to lay in a layer of facing sand and place the rod- 
ding before filling up the box and ramming. Either proce- 
dure is satisfactory for small simple cores. 

Vent the core (see figure 8-5). In a small cylindrical 
core, this may be done by forcing a rod axially through its 
center after ramming. Or, if the core is made in halves, a 
central vent may be provided by cutting a shallow, V-shaped 
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channel from one end of the core to the other along the cen- 
tral axis, using a core file. All venting must be carried out 
through the core prints, wherever they may be located. Ad- 
ditional venting is often provided by using a vent rod to 
perforate the body of the core. In doing so, the Molder must 
be careful to avoid forcing the rod through the core surface. 

When the above methods of venting cannot be used, vent 
wax must be employed. The wax—which is available in 
1) 6-> 14-, 346-, and 14-inch-diameter sizes—is embedded in the 
sand along the lines which the escaping gas is to follow. 
When the core is baked, the wax melts and disappears into 
the body of the core, leaving the desired vent channels. Do 
not use vent wax excessively. It produces a gas when the 
core comes in contact with molten metal. Gas thus formed 
may become entrapped in the casting. Cores whose inner 
sections are made from coke and cinders do not ordinar uly 
give difficulty in venting. 

Turn out the core. This is done by placing a core plate 
on top of the core box and rolling the whole over. Then. 
gently rap the box, while, at the same time, you carefully 
draw the box away from the sand. Rapping the box too hard 
will result in distorting the core. With the box removed. 
inspect the core’s surface for defects. If you have a good 
core box, the surface will be smooth and true. But if the box 
is not in good shape, or if you make a poor draw, it may be 
necessary to make repairs. Otherwise, though, no slicking 
or trimming should be necessary. 

Spray or paint the core with core wash if necessary. The 
silica-flour wash described in Chapter 6 is satisfactory for 
steel, aluminum, and bronze, while a graphite wash should 
be used for cast iron. A wash produces a smoother core 
surface and serves to prevent metal penetration. The steps 
thus far discussed are illustrated in figure 84A, B, and C. 
A cross-sectional view of the core, showing the arrangements 
of vents and internal supports, is shown at D, figure 8-4. 

Having formed the number of sections required (by re- 
peating the above steps as frequently as necessary) the green 
cores are placed in the core oven for baking. When forming 
u series of core sections from the same box, be sure that the 
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Inside of the core box is thoroughly cleaned out before pro- 
ceeding to ram up another section. Usually, brushing with 
a foxtail is adequate. If the interior of the box becomes 
sticky, wipe out the core box cavity with kerosene. 


Baking 


Baxe the core slowly and uniformly until its color is nut 
brown. Through proper baking the characteristic strength 
of an oil-sand core is developed. During the baking process, 
several things occur. First, all of the moisture is driven off. 
Second, as the temperature in the oven increases, oxidation 
of the core oil occurs; that is, the fatty-acid content of the 
oil unites with oxygen causing the molecules to enlarge. 
Finally, with continued slow baking, polymerization (chang- 
ing the properties of a substance by effecting a change in its 
molecular structure) of the oxidized oil molecules develops 
a hard film-like structure which holds the sand grains to- 
gether. When baking is continued beyond the point of poly- 
merization, the core’s strength decreases rapidly. Follow- 
ing this, if baking continues, the core disintegrates. 

Too much emphasis cannot be placed on the need for slow, 
uniform baking at the proper temperature. Experiments 
have shown that an oil-sand core develops its best bond 
strength through slow baking at a temperature between 375° 
F. and 400° F. On the other hand, rapid baking at temper- 
atures of 500° F. or above produces cores having a relatively 
weak bond. 

Many factors influence the baking characteristics of a core. 
These factors include the type and percentage of binders 
incorporated in the core sand mixture, the green moisture 
content, the core oven used, and the size of the core itself. 
In the Navy, where a standard core mixture formula is used, 
these variable factors influencing baking are eliminated— 
all except core size and oven peculiarities. 

Why does a core’s size affect baking characteristics? As 
you probably know, more time at a given temperature is 
needed to bake a large potato than a small potato. For 
example, it takes about 1 hour at a temperature of 400° F. 
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to properly bake an average-sized Idaho potato; whereas, 
a considerably oversized potato needs more time to bake 
through. On the other hand, if the time at temperature is 
extended beyond that necessary, the potato becomes exces- 
sively dry throughout and its outer shell becomes thick, flaky, 
and unedible. Now, we're not concerned with the palat- 
ability of potatoes. However, many of the same baking 
principles are applicable to both potatoes and cores. 

It takes time for heat to evaporate the moisture in the 
core sand. During the baking procedure, the temperature 
within the core remains constant at the boiling point of 
water (212° F.) until all moisture has evaporated. Once 
the moisture is driven off, the core’s temperature rises rapidly 
and the molecular structure imparting strength develops 
shortly thereafter. Assuming that oxygen has access to the 
inside of the core, the successive phases of structural changes 
occurring after moisture removal—oxidation and polymeri- 
zation—are completed within 15 minutes. There is, however. 
a lag between the time these changes occur on the core’s sur- 
face and at its center. 

Since there is a greater amount of moisture in a large mass 
of sand than there is in a small mass, it stands to reason that 
the time required to evaporate the water in a given core is 
proportional to the core’s size and moisture content. Also. 
since the heat penetrating to the core’s center “travels” by 
conduction, you can see that more time is required to elevate 
the center of a core to the polymerization temperature than 
the surface. f 

The core’s surface, then, reaches maximum strength sooner 
than does its center. With continued baking, of course, the 
center will also reach its maximum strength; but not without 
a decrease in surface strength. This is a serious problem in 
core baking, particularly with large cores made entirely from 
core sand. Youcan partly overcome the problem of an over- 
baked surface and underbaked center by filling the center of 
the core with a highly permeable material low in moisture 
and bond content. When you use this technique, only the 


248 





outer shell of the core is made from core sand. The center 
portion consists of backing sand, coke, or cinders. 

Whether your cores are large or small, the use of perforated 
core plates and a low baking temperature is also essential to 
the production of uniformly baked cores. In addition, there 
must be adequate free circulation of air throughout the core 
oven. Air circulation is necessary to oxidize the oil and 
permit polymerization of the core. 

Baking time, as pointed out, varies with core size. For 7 
example, at 375° F. it takes about 45 minutes to bake a core 
having the dimensions of a two-inch cube; whereas, a cylin- 
drical core 4 inches in diameter by 4 inches high requires 
about an hour and a half to develop its best strength. The 
baking times mentioned are merely approximations. They 
may or may not be applicable in your particular foundry. 
Why? Because the oven involved and the atmospheric con- 
dition (humidity, etc.) maintained within it are factors that 
also influence baking time. How, then, can you determine 
the proper time and temperature for baking variously sized 
cores made from the sand mixture used in your shop and 
baked in the oven available. The answer—conduct an experi- 
ment. 

Ram up a series of 3-inch, 5-inch, and 8-inch solid core 
sand cubes. Bake them at temperatures ranging from 350° 
F. to 500° F., at intervals of 25° F. for varying predeter- 
mined times. After baking, removing from the oven, and 
cooling, cut open the cores with a saw. Inspect the cross 
sections revealed. You can see the extent to which each core 
specimen has been baked under various conditions. Through 
this simple experiment, you can accurately determine the 
time-temperature-size relationship applicable for baking 
cores in a particular core oven. 

You can also determine a properly baked core by its color. 
When a core has turned a uniform nut brown, it is usually 
properly baked. A lighter color indicates insufficient bak- 
ing, and a darker color indicates overbaking. This method 
requires that you have an ability to recognize the requisite 
“uniform nut brown” which can be developed only with 
experience. You can gain skill m recognizing this color by 
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studying the appearance of one of the previously mentioned 
experimental cubes whose correct baking time and tempera- 
ture have been determined. 


At the completion of their baking cycle, cores should be 
removed from the oven. This must be carefully done be- 
cause they are very fragile while at the baking temperature. 
Do not remove them from the core plates before cooling to 
a temperature below 125° F. To do so invites needless 
breakage. 


Finishing Operation 


The work involved in finishing cores after baking is usually 
divisible into three phases—cleaning, sizing, and assembling. 
The extent to which these steps are to be carried depends 
on the core being produced ; its condition after removal from 
the core box and after baking; and the dimensional accuracy 
required to accomplish its intended purpose. 


CLEANING includes several related operations. Fins and 
humps are removed. Loose sand is brushed off. Rough 
spots are smoothed. Low areas are mudded. Vents are 
checked to make sure they are adequate to pass off gases and 
to preclude the possibility of metal entering them when the 
casting is poured. Excess materials (such as backing sand, 
coke, and ashes) used to fill in the center portion of the core 
is removed. 


S1Z1NG involves the use of calipers and templates. This 
phase of core finishmg is a matter of determining whether 
or not the core has the required dimensions. In most cases, 
it is an inspection process in which each dimension of the 
core is checked against the blueprint. Templates, made 
from 14-inch sheet metal cut to the same size as the core 
section, are most useful when the same core design is used 
repeatedly. The use of calipers and templates is essential 
to the production of quality cored castings. 


Core sections that do not conform to the required dimen- 
sions may have to be filed or ground to size. However, filing 
the surface of a core is likely to produce an inferior finish 
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on the casting. Also, it may permit washing of the core. 
Therefore, filing should be avoided except where absolutely 
necessary to correct errors in the core box. 

ASSEMBLING cores consisting of several parts is usually ac- 
complished through the use of a core paste similar to that 
described earlier in this chapter. There are other methods. 
Some employ bolts. Others involve pouring molten lead 
into specially prepared grooves. These latter methods re- 
quire special preparation before the core is baked; and they 
are used only in the assembly of a large core whose design 
is such that core paste will not produce a sufficiently strong 
joint. Almost without exception, core paste is adequate for 
the cores produced in Navy foundries. 





Figure 8—5.—Pasting and assembling the core. 


Before you apply paste, fit the core joint together. A 
common practice is to rub the joint surfaces over each other 
to smooth their faces. After removing the loose material 
from the joint with a brush or a stream of compressed air, 
apply paste to opposing joint faces as shown at A, figure 
8-5. Either a brush, the index finger or a spreader may be 
used to apply paste. As soon as you apply the paste, place 
the sections in contact with each other, align them accurately, 
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and firmly press them together. (See B. figure 8-5.) Make 
sure that the paste does not seal any of the vents. 

After the pasted core has set sufficiently to prevent slip- 
ping, the joint edges are sealed with a filler. As you know, 
this material is apphed and smoothed with the fingers. Fol- 
lowing this operation, check the core’s dimensions again for 
accuracy. Before being set in the mold, the core must be 
dried out, either by returning it to the core oven or by dry- 
ing in open air. 


Storage of Cores 


Stock cores for billets are often made up in advance and 
stored for future use. As a general rule, though, the best 
practice is to make up cores not more than 24 hours in ad- 
vance of requirements. There are good reasons for this. 
Green sand cores increase too much in strength during long 
storage due to loss of moisture. Baked sand cores decrease 
too much in strength, particularly on the surface, due to 
moisture absorption from the atmosphere. Cores made from 
sand utilizing rosin-type binders are more affected by moist- 
ure absorption than oil-sand cores. Nevertheless, neither 
should be unnecessarily exposed to the atmosphere. Changes 
occurring in core properties during storage may result in 
the production of faulty castings. 

Another factor that you must consider is the length of 
time a core may stand before baking. If a core requiring 
baking stands too long, drying out may cause the develop- 
ment of a weak core surface. The sooner you place an oil- 
sand or similar core in the oven and bake it, the better. 
Cores having a large volume in relation to surface area are 
less affected by standing before baking than are cores having 
a large surface area with little volume. For example, a 
core having a thin cross section, but possessing considerable 
length and width, may be seriously affected by surface dry- 
ing in less than 10 minutes. In all cases, place a baked core 
(whether large or small) in the oven and start it through 
the baking cycle as soon as possible. 
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. SETTING THE CORE 


There are a number of ways in which cores may be posi- 
tioned in a mold. They may be “hung” from the cope, as 
shown at A, figure 8-6; or, they may be set in core prints 
provided in the mold. In addition, it may be necessary to 
use chaplets to help support the core and to keep it in proper 
position during pouring. 
The most common method of positioning a core in a mold 
is through the use of core prints as shown at B, figure 8-6. 
Core prints are provided as a projection on the pattern. 
When the mold is rammed up, the prints exist as a part of the 
mold cavity. For most jobs involving cores, the use of ram- 
up prints is adequate. Occasionally, it is necessary to use 
chaplets (see Chapter 6) to help support the core or to pre- 
vent it from lifting or floating when metal enters the mold. 
However, do not use chaplets unless they are absolutely 
essential. 
Core setting requires a great deal of accuracy. Improper 
setting is reflected in the casting’s wall thickness. For ex- 
ample, if the core of a cylindrical object is set off-center, 
the casting thus produced will not have a uniform wall thick- 
ness. Another important point is to check the core vents. 
Make sure that they are open and that provisions for con- 
tinuing the vent through the mold have been made. (See B, 
figure 8-6.) To be effective, vents must be open. Also, 
make a thorough inspection of the core’s position. 
_ A good way to check the accuracy of a core setting is to 
place a small wad of dough—flour with a little water added— 
in strategic parts of the mold between the core and the mold 
cavity wall. Then, carefully close the mold. Next, open 
the mold; measure the thickness of the dough; and check 
this measurement against the casting’s specified metal thick- 
ness. Whether or not dough has been used as a means to 
determine the accuracy of core setting, the mold is closed 
and then opened to inspect its interior for crushed areas or 
improper fits. If all is satisfactory, blow out the mold to 
remove any loose sand that may be present. After closing 
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Figure 8—6.—Cores set in the mold. 
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and clamping the mold this time, do not move it again until 
after 1t is poured. 

In large foundries, core making is an operation performed 
by specialists in a separate department. But in most Navy 
shops, this work, as well as all other phases involved in the 
production of a casting, is performed by the same individ- 
uals. To gain the necessary skill in core making, and in other 
foundry operations as well, requires a great deal of practice 
in doing the job. While gaining these core-making skills 
through actual practice, remember the points that have been 
discussed in this chapter. 


QUIZ 


1. Why is it important that a core disintegrate (break down) after 
the initial stages of skin formation? 


. Why must a core possess the property of refractoriness? 

. In a baked core, what is the function of linseed oil? 

. For what purpose is core filler generally used? 

. How is internal support provided in cores? 

. Why must the surface of a core plate be perfectly straight? 

. What is the operating temperature range of the Navy’s core ovens? 


. What two safety features are built into the Navy’s newest core 
ovens? 
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. Why are core boxes better than sweeps? 

10. What is the difference between a mold and a core? 
11. How is kerosene used in core making? 

12. What happens when a core is baked? 


13. While moisture is being driven off during the baking process, What 
is the temperature of the core? 


14. How can the problem of an overbaked surface and an underbaked 
center be partly overcome when baking large cores? 


15. How can you determine the proper core baking time with the 
equipment in your shop? 
16. What core assembly method is generally used in Navy foundries? 


17. Why should cores be made up as they are needed rather than in 
advance? 


18. How can the accuracy of core setting be determined? 
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CHAPTER 9 


HOW METALS SOLIDIFY 
METALLURGY 


The science of metallurgy is concerned with the mining 
of ores, the extraction of metals from their ores, and the re- 
fining and adaption of metals to practical use. That part of 
metallurgy in which the Molder is interested deals with (1) 
the solidification of metals; (2) the internal atomic struc- 
tural arrangements developed in a solid metal when heat is 
applied or removed, or when other elements are present; (3) 
the physical properties of metals and the methods for im- 
proving or modifying properties; and (4) working, shaping, 
and testing of metals and alloys. Since our highly indus- 
trialized civilization is dependent upon the use of metals, it 
is obvious that the metallurgist is an E cog in the 
gears that make for progress. 

Molders can make castings by following certain practices 
without understanding the principles involved. Neverthe- 
less, a familiarity with the fundamental metallurgical princi- 
ples is desirable as an aid to understanding foundry work. 
The Molder who is equipped with a basic knowledge of 
metallurgy can understand the phenomena which occur in 
the casting as the metal solidifies. He can also better appre- 
ciate the influence of casting design, molding methods, and 
pouring techniques on the properties of the part produced. 

Some of the aspects of metallurgy referred to in the preced- 
ing paragraphs were discussed in Chapter 5, “The Properties 
and Use of Metals.” In that chapter we were concerned with 
the exterior appearance of metals; their physical properties 
and characteristics ; simple identification testing procedures; 
and the uses to which common metals are put. Here, we are 
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interested im what happens inside the metal as it solidifies, the 
need for controlling solidification, and elementary design 
rules which take the solidification phenomena of metals into 
consideration. In later chapters, we will look into such other 
metallurgical areas as heat treating—the manner in which 
properties of metals may be developed or modified through 
a controlled application of heat while the metal is in a solid 
state—and the mechanics of melting and pouring. Each of 
these metallurgical areas is of interest and importance to the 
foundryman. 


= THE INTERNAL STRUCTURE OF METALS 


That all matter is made up of tiny building blocks called 
atoms is a commonly accepted theory. Everyone is aware 
that the atom is a tiny bit of mass, but few people realize 
just how small it really is. 

Microscopes capable of bringing the atom into the range of 
human vision so that it may be observed directly are not 
available. Therefore, an atom has never been seen and prob- 
ably never will be. To illustrate its smallness, a comparison 
is frequently made between the estimated size of a copper 
atom and a drop of water. If each were magnified an 
identical number of times until the copper atem became 
visible as a pin point, the drop of water at the same mag- 
nification would attain the proportions of the earth. Al- 
though an atom is almost infinitely small, science has 
gathered considerable evidence about its existence. At any 
rate, events in recent years seem to justify the current theory 
of atomic structure. 

‘When a metal is molten, the atoms of which it is com- 
posed are not arranged in any definite pattern. They are 
free to move at random, their attraction for each other being 
more than overcome by the speed of their movement. As 
the temperature above the melting point of the metal in- 
creases, the freedom of atomic movement increases propor- 
tionately. On the other hand, random atomic movement 
slows down proportionately with decreases in temperature. 
Random movement of the atoms of a metal is associated 
with a metal’s fluidity at a given temperature. 
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With continued heat removal from a mass of pure metal. 
the internal temperature of the mass decreases at a ratio 
directly proportional to the surrounding external tempera- 
ture until the metals solidification point is reached. At this 
point, the internal temperature of the mass remains constant 
until solidification is complete even though external temper- 
ature continues to decrease. This constant internal tempera- 
ture is technically known as the latent heat of fusion. 
During this phase, the random or migratory movements of 
the atoms stop, and they arrange themselves into a definite 
geometric pattern called a space lattice. As solidification 
continues, each space lattice grows and forms one of the 
metal’s individual crystals or grains. 

Atomic motion does not stop entirely with the metal’s 
solidification ; merely the random, unrelated movement stops. 
After solidification, the atoms move with a vibratory motion, 
having a fixed relationship to other atoms within the same 
space lattice pattern. Vibratory motion never ceases as 
long as the temperature of the mass is above absolute zero 
(—273° C.). 

Space Lattice Patterns 


When a casting solidifies, depending upon the metal or 
alloys involved, its atoms arrange themselves into one of 
the fourteen known 3-dimensional patterns, called a space 
lattice or a unit cell. Each unit cell of crystallized metal 
is composed of a definite number of atoms arranged in a 
particular way. Most common metals crystallize according 
to the three types diagrammed in figure 9-1. 

The most common geometric patterns formed by atoms in 
a space lattice are the body-centered cubic, the face-centered 
cubic, and the close-packed hexagonal. Bopy-cENTERED cubic 
lattices consist of nine atoms, one located at each corner of 
the cube and one located m the center of the cell body as 
shown at A, figure 9-1. Facr-cENTERED cubic lattices are ` 
made up of fourteen atoms, so arranged that one atom is 
located at each corner of the cube and one located in the 
center of each cube face. This arrangement is shown at B, 
figure 9-1. A third common geometric cell formation is the 


258 


Digitized by Google 


In the case of pure metals, each of the atoms in the cell 
unit is of the same element. Commercially useful metals, 
however, are composed of more than one element. The cell 
unit in this case is a compound, and it is made up of atoms 
of different elements. Two types of these compound cells 
are possible: (1) Those in which the atoms of the several 
elements making up the mass always take the same position 
in the cell’s structure; and (2) those in which the positions 
vary. An alloy of iron and carbon (Fe,C) is an example of 
a metal whose atoms always have the same position within 
the cell unit. A structure of this kind is called an INTER- 
METALLIC COMPOUND. Metals whose atoms do not always 
take the same position within the cell unit are said to be in 
SOLID SOLUTION. There are many examples of solid solution 
alloys. One with which you'll frequently work is copper- 
nickel. 


Crystallization 


With the beginning of solidification, then, the metallic 
atoms arrange themselves into cell units having a definite 
geometric pattern. Immediately upon the formation of one 
cell unit, other atoms attach themselves to the original cell 
and form additional cell units. Millions of atomic cell units 
are thus joined together to form a single crystal (also known 
asa grain). 

One thing which determines the size of the crystals formed 
in the mass of metal is the rate of crystal nuclei formation. 
The nucleus is a single atomic cell unit to which other atoms 
may attach themselves. Another factor in grain size is the 
intercellular space available between the nuclei of developing 
grains. A single crystal grows in size until it meets another 
developing crystal. The temperature of the metal deter- 
mines the rate of nuclei formation and the intercellular space 
between nuclei. High temperatures and slow cooling 
through the solidification range produces large grains. Rel- — 
atively low temperatures and fast cooling through the solid- 
ification range pr oduces small grains. 

The manner in which crystals develop is dagane In 
figure 9-2. Each cube represents a geometrically arranged 
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cell unt. The growth of an individual crystal is outward 
from the cell nucleus along axes that are at right angles. 
Some grains develop as equi-axed grains, others develop as 
columnar grains. In equi-axed grains, growth is equal in all 
directions, while columnar grains develop one long axis and 
one short axis. In either structure, crystal growth continues 
until another developing crystal interferes. As a result, each 
grain has a somewhat different shape and axis orientation. 
This is illustrated schematically in figure 9-2. Further, the 
illustration shows that the grains or crystals formed during 
solidification have definite grain boundaries. 





Adapted from Fundamentals in the Production and Design of Castings, 
by C. T. Marek; published by John Wiley & Sons, Inc., 1950 


Figure 9—2.—Crystal growth and the formation of grain boundaries. 


Investigation has shown that the strength of a metal at 
the grain boundaries is different from that within the crystal. 
It has also been learned that the strength in these locations 
is altered by temperature. At normal room temperature, 
a metal’s greatest strength is at the grain boundaries. When 
metal is fractured in a tension test, the break usually takes 


261 


place through the grains. On the other hand, most metals 
can be caused to fracture at the grain boundary if they are 
kept under tension while at a high temperature for a con- 
siderable length of time. 





Courtesy of the American Brass Company 


Figure 9-3.—Photomicrograph of pure copper. 


The photomicrograph of pure copper, shown in figure 9—3, 
illustrates the crystallinity inherent in all metals. The size 
of the grams, however, is not the same in all metals. In ad- 
dition, the grain size and shape of a particular metal are 
greatly influenced by the external temperature conditions 
during and after solidification, the heat treatment it has re- 
ceived, and the hot and cold work to which it has been sub- 
jected. In the production of a casting, the cooling rate has 
an important effect on grain size. Slow cooling develops 
large-sized grains. Fast cooling produces small-sized grains. 


Phase Changes 


In Chapter 5, we pointed out that each metal has a definite 
melting point (see Table II). Pure metals also solidify at 
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or near the same temperature at which they melt. This 
change in state (from liquid to solid or from solid to liquid) 
is called a phase change. As pointed up previously, the in- 
ternal temperature of the metal remains constant during a 
phase change; as for example, when liquid copper changes to 
solid copper (1,981° F.). 

Several terms are used to describe a material that exists in 
more than one form. One of these terms is “polymorphism,” 
meaning more than one form (poly = many + morph = 
form). Copper and all other metals are polymorphs since 
they exist as both liquids and solids. When this change of 
form or phase is reversible, the term “allotropy” is applied. 
Some metals also undergo allotropic phase changes in their 
solid form. Pure iron is the classic example of an allotropic 
metal of this sort. It undergoes phase changes several times 
as it cools from its liquid state to a solid at room temperature. 

Figure 9-4 is a representation of a cooling curve designed 
to help you understand allotropy. Although the tempera- 
tures indicated and the information included therein are cor- 
rect, the cooling curve itself is somewhat exaggerated for the 
sake of clarity. 

When pure iron is maintained at a temperature near, but 
below, its boiling point (8000° F.) it is a liquid. What hap- 
pens after the external temperature is removed and the mass 
has cooled normally to room temperature? The metal solidi- 


3000° F 


Liquid 
2800° F 


Delta iron (5) Nonmagnetic Body Centered Cubic 


Gamma iron (Y) Nonmagnetic Face Centered Cubic 
Beta iron (8) Nonmagnetic Bady Centered Cubic 


Alpha iron (a) Magnetic Body Centered Cubic 





Figure 9—4.—Phase changes in pure iron upon cooling. 


263 


fies and undergoes allotropic modifications. At each phase 
change the internal temperature of the mass remains con- 
stant until the change has been effected. Thus, the tempera- 
ture of the mass of pure iron remains at 2800° F. until 
solidification is complete. Then, the temperature again de- 
clines without interruption until the next phase change 
occurs. Here again the temperature remains constant 
throughout the change. The points at which phase changes 
occur in pure iron are indicated in figure 9-4 by the flat, 
horizontal lines on the cooling curve—A, B,C,and D. These 
points are often called critical, or transformation points. 
The data to the right of the cooling curve indicate the type 
of structure developed after the phase change; the name given 
to that kind of iron; and one of its properties—magnetic or 
nonmagnetic. To be sure there are other properties— 
strength, for example—but we will not concern ourselves 
with them. When other elements are added to pure iron, the 
picture changes somewhat and points B, C, and D are often 
indistinguishable from one another. 

Because phase changes of this sort occur within a casting 
while it cools, and because a change of phase occurs only when 
the temperature at which the change can occur is maintained, 
these factors are important to the Molder, especially in regard 
to casting design. For example, when great variations in 
sectional thickness exist in a casting, allotropy may cause 
simultaneous expansion and contraction, resulting in the de- 
velopment of excessive stresses within the casting. 


Solidification of Alloys 


As you know, useful alloys are formed by combining two 
or more elements. When so combined, the thermal character- 
istics (solidification and other phase changes) and the phys- 
ical properties developed are often considerably different 
from those characteristics of the pure metals themselves. 

Before any of the elements can form an alloy, though, 
they must be soluble in the liquid state. In other words, 
they must dissolve in each other like sugar in water. For- 
tunately, most metals are soluble in both the liquid and solid 
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condition. There are exceptions. For example, lead and 
aluminum, cadmium and aluminum, and iron and bismuth 
react to each other much like oil and water. Since these 
metals do not mix when liquefied, they cannot exist as a, 
solidified alloy. Some metals are partially soluble. Cop- 
per and iron each dissolve small portions of the other, but 
unfortunately not in sufficient quantity to produce an alloy 
containing more than a minute trace of each other. An- 
other partially soluble pair is lead and zinc. 

Still another combination of pairs is those elements sol- 
uble when in a liquid state, but insoluble in the solid state. 
Alloys composed of elements having this characteristic—for 
all practical purposes—solidify into a mass having indi- 
vidual crystals of each metal. Examples of pairs that act 
and solidify in this manner are lead and antimony, alum- 
inum and silica, and silver and lead. 

Other metallic combinations are mutually soluble in all 
proportions in both the liquid and solid state. Copper and 
nickel, iron and manganese, and tungsten and molybdenum 
solidify in such a manner that all crystals in the mass are 
almost identical chemically. Frequently these combinations 
form intermetallic compounds, but in other instances they 
solidify into solid solution crystals. 

You can see, then, that two kinds of alloys are common: 
(1) those that are completely soluble and form an alloy 
through an intimate chemical combination; and (2) those 
that form individual crystals bound together in a more or 
less mechanical fashion. These differences are important 
because they greatly influence the physical properties of the 
alloy produced. Space does not permit a more detailed dis- 
cussion. However, before proceeding to the mechanics of 
solidification and solidification control, one additional con- 
cept should be understood—the eutectic. 

Eutectic has become a common term among metalworkers$ 
but, at the same time, it is a commonly misunderstood term. 
Simply stated, the eutectic is an alloy (or solution) having 
its percentage of elements in such proportions that the melt- 
ing point is the lowest possible with that group of elements. 
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To illustrate the eutectic, suppose that we have a liquid 
composed of two metals that are soluble as a liquid but insol- 
uble as a solid; that is, metals capable of forming an alloy, 
but which do so by solidifying into a mass composed of indi- 
vidual crystals of each metal. If the alloy is of the eutectic 
composition initially, the mass will remain liquid until the 
eutectic temperature is reached. The material then solidifies 
at the same time with a fine-grained eutectic grain structure. 
A study of the equilibrium diagram in figure 9-5 will help 
you to understand the term eutectic. In this particular ex- 
ample, the eutectic temperature is 500° C, (932° F.) and the 
eutectic composition is approximately 40 percent metal A 
and 60 percent metal B. 

If the composition is other than eutectic, the solidification 
mechanism is different. In an alloy composed of 90 percent 
A and 10 percent B the formation of pure crystals of metal 
occurs as the temperature of the mass decreases. In our ex- 
ample, crystals of pure metal A form at a temperature indi- 
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Figure 9—5.—An equilibrium diagram and the eutectic, 


266 


cated by “a.” If the composition were reversed, crystals of 
pure metal B would begin to form at “c.” This individual 
crystallization continues until enough of the high-content 
metal has crystallized and the eutectic composition is at- 
tained. When this occurs, the remaining mass solidifies at 
the eutectic temperature. | 

Alloys of this class whose composition is other than eutec- 
tic solidify into a matrix consisting of pure crystals of the 
high percentage metal embedded in the fine-grained eutectic 
crystals. Lead-antimony bearing alloy and aluminum-silica 
alloys are typical examples having this sort of solidification. 

Copper-nickel and other combinations of solid solution 
type alloys that solidify with chemically identical crystals 
merely have a cell unit and crystal structure more rich in the 
high percentage metal. Solid solution alloys do not form a 
matrix like the alloys similar to lead-antimony. However, 
the ratio of elements in the composition of solid solution 
alloys does have an effect on the melting point, solidification 
temperature, and the properties developed. 


THE MOLDER AND SOLIDIFICATION 


The phenomena described in the preceding pages occur in 
the metal contained by the mold cavity as the casting cools 
from its temperature at the time of pouring to normal room 
temperature. Within seconds after the metal is poured, 
solidification begins. The rapidity of solidification is illus- 
trated in figure 9-6. Although the samples shown in this 
illustration are steel, the same solidification principles hold 
true for other metals and alloys. 

A casual glance at figure 9-6 reveals that a casting solidi- 
fies as a gradually thickening envelope or skin. The rapid- 
ity of solidification depends on the relationship between the 
sectional mass (volume) of the casting, the mold surface 
area, and the solidification range of the metal. In figure 
9-6, you can see that small sections solidify first. It is also 
obvious that the thinner the section, the more rapid will 
solidification occur. 
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Figure 9—6.—The mechanism of metai solidification. 


The element of time is, of course, an important factor in 
the progression of solidification. More important, though, 
is the influence of corners. Take a look at the experimental 
sample labeled “one minute” in figure 9-6. Notice that solidi- 
fication has progressed to a greater degree at the external 
corners than at any other part of the casting. The accelera- 
tion of solidification at external corners is due to the pro- 
portionately greater mold surface at these points. 

Now notice that solidification has progressed to a much 
lesser degree at the internal corners than elsewhere in the 
casting. Here the mold surface is faced on two sides by 
metal. This causes the sand to become heated faster than 
it can carry the heat away through the mold, with the result 
that heat withdrawal from the casting, and thus the solidi- 
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fication rate of the metal, is slowed down at these locations. 
The conditions of solidification illustrated in figure 9-6 could 
be somewhat improved by the proper application of fillets or 
by tapering the sections. 

With the possible exception of gray cast iron, the metals 
cast in Navy foundries contract considerably as they solidify. 
This means that molten metal, over and above that needed to 
fill the mold cavity initially, must be supplied as solidifica- 
tion progresses. If this extra metal is not provided, a sound 
casting cannot be produced. You are already familiar with 
the molding method used to provide the metal necessary to 
compensate for liquid metal contraction—risers. At this 
point, we need only to emphasize that risers must be so lo- 
cated that they feed the area requiring the extra metal and 
thus serve to produce a sound casting. Otherwise the heat, 
time, and labor required to produce the extra molten metal 
will have been wasted. An incorrectly placed riser may even 
cause worse shrinkage of the casting than would occur with 
no riser at all. 

In regard to solidification, it cannot be too strongly em- 
phasized that sections of a casting must be so proportioned 
that “progressive solidification” occurs. By this phrase we 
mean that solidification (within a particular casting section 
requiring extra metal supplied by a riser) is such that the 
first metal to solidify within the section is at a point most 
distant from the riser. Further, it means that solidification 
then progresses from this most distant point toward the hot 
well of metal in the riser. 

After the casting has solidified and continues to cool, it 
becomes more rigid and increases in strength. Here again a 
contraction occurs. It is this contraction in the solid state 
that is provided for by the Patternmaker (see Chapter 2) 
when he makes the layout for, and constructs, the pattern. 
This solid state contraction, incidentally, creates the force 
that causes the core of hollow castings to collapse (see 
Chapter 8). 

There are two kinds of contraction, then, that must be 
compensated for if a sound casting having accurate dimen- 
sions is to be produced. The first is the contraction occurring 
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as the metal cools in the liquid state. This contraction is 
taken care of by risers and such additional devices as chills 
and padding. The second is the contraction occurring as the 
metal cools after solidification. This contraction is provided 
for by laying out the pattern with a shrink rule. 

Considerable information is available on contraction in the 
solid state, but only a few determinations have been made 
about liquid contraction. However, it is known that liquid 
steel contracts 1.6 percent in cooling 100° C. (212° F.) and 
that manganese-bronze contracts 2.25 percent under the same 
conditions. From this information, it is evident that risers 
of considerable size are essential for these metals. Data per- 
taining to contraction in metals after solidification are pre- 
sented in Table VII. This information was obtained from 
International Critical Tables. 


TABLE VII.—Percent Contraction of Various Metals Upon 


Solidification 
Ca oe a ee eee 3.0 percent 
Manganese-bronze______ — 6.0 percent 
ZY pitik ss L Suyu ee 6.5 percent 
COP CE a re es 4.0 percent 
DRC 26 Soe ete ee ee 4.5 percent 
Leäd- uz nt ee 3.6 percent 
Various other alloys-____--_____________. 0.7 to 2.0 percent 


With metals having allotropic changes, it is possible for 
expansion and contraction to occur within the casting at the 
same time. For example, figure 9-6 demonstrates that thin 
sections solidify more rapidly than thick sections. There- 
fore, castings having both thick and thin sections cannot 
possibly solidify at the same time. This means that the con- 
ditions of temperature are not the same in both sections. 
Because of temperature differences with different parts of 
the casting, one section may be passing through a phase 
change that results in contraction, while the other section 
(at another temperature) may be going through a phase 
change that results in expansion. The total result in the 
casting 1s the production of excessive stresses, particularly 
where sections of unequal mass are adjacent. Here the solid- 
ified and contracting thin section severely stresses the skin 
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of the partially solidified thick section. A force of this kind 
will concentrate at internal corners where solidification is 
most retarded. This condition may cause serious casting 
defects. 

Another effect of differing sectional thickness is the grain 
size obtained. It was previously pointed out that slow cool- 
ing produces large or coarse grains, while fast cooling pro- 
duces small or fine grains. Slow cooling is associated with 
large casting sections, and fast cooling is associated with 
small casting sections. Where large and small sections exist 
in the same casting, one section solidifies with a large coarse- 
grained structure while the other solidifies with a small fine- 
grained structure. Since a particular alloy’s property of 
strength depends largely on grain size and grain size uni- | 
formity, it is apparent that an extremely nonuniform grain 
size throughout the casting is objectionable. 

To some extent a difference in grain size within a particu- 
lar section is bound to exist. Why? Because the metal lying 
next to the mold wall solidifies more rapidly than that near 
the center of the casting. (Remember: fast cooling—small 
grains; slow cooling—large grains.) Nevertheless, a cast- 
ing’s grain structure should be as uniform as possible. 


Design and Solidification 


Although Molders in the lower petty officer grades have 
little to do with the design of a casting, a basic understanding 
of the relationship between design and the production of a 
sound casting should be had by all foundrymen, This is par- 
ticularly true because the design of a casting has much to do 
with the internal grain structure obtained, and thus the 
strength and soundness of the final product. Foundrymen 
may sometimes produce sound castings even though the 
principles of good design are violated. However, consistent 
results are unlikely unless sound design principles are used. 

The best practice in the design of a casting is to use the 
minimum cross-sectional thickness that will produce a cast- 
ing of required strength. There are lower limits, however, 
beyond which the thickness of cross section cannot be reduced. 
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Normally, the lower limit for foundry alloys is as follows: 
steel, 34, inch; brass and bronze, 34, inch; cast iron and 
aluminum, 14 inch. These limitations are imposed by the 
alloy’s fluidity or the ability of molten metal to flow. Flu- 
idity may be increased by raising the metal’s pouring tem- 
perature. This practice, however, has harmful effects on 
the casting because of greater gas absorption by the metal 
as well as the destruction (by burning out) of alloying 
elements. | 
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Courtesy of Mechanite Metal Corporation 


Figure 9—7.—Effect of shape on crystal formation. 


The shape and proportions of the various sections making 
up the casting have an important bearing on crystal growth 
and casting soundness. As solidification proceeds from the 
mold face, the crystals form and penetrate into the mass at 
right angles to the mold face. A weak spot may develop 
where two or more sections join, if the point of intersection 
of member sections is improperly designed. This point is 
illustrated in figure 9-7. 
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The diagram of the “L” section illustrates the effect of im- 

properly designed intersecting sections on crystal growth. 
Solidification at the internal corner (B1) is seriously re- 
tarded while the external corner (B) is accelerated. More 
than that, though, an extreme unbalance of crystal structure 
and size exists in the area of the intersection. A comparison 
of the sectional views taken through the “L” and shown as 
AAL and BBL demonstrates the extreme variations of grain 
structure throughout the mass. This condition may be over- 
come by rounding the external corner and filleting the inter- 
nal corner. The advantage of rounded corners in casting 
design and its relation to crystalline structure is shown in the 
lower part of figure 9-7. 


Designing to assure progressive solidification involves 
tapering the casting’s sections so that points most distant 
from the risers solidify first, thus avoiding shrink defects. A 
tapered design is necessary because a part having a uniform 
section cannot be fed for a distance greater than 4 times 
the thickness of the section. A comparison of correct and 
incorrect design practice as related to progressive solidifi- 
ation is shown in figure 9-8. 


Notice how incorrectly designed sections are responsible 
for shrink defects. At A, the defect is due to a design that 
permits the section to decrease in thickness toward the area 
of hot metal at the top of the casting. Here, a riser could 
not remedy the defect. The same section, designed to take 
advantage of progressive solidification, is shown at the right. 


At B, figure 9-8, the incorrectly designed section has a 
shrink defect because the area requiring feeding is too far 
distant from the riser. The correct design at B not only 
provides for progressive solidifcation, but also illustrates the 
technique of tapering or blending intersecting sections into 
one another. This blending of the sections avoids sharp 
corners and unequal masses of adjacent metal which, in turn, 
means nearly uniform casting cross sections. Through 
proper proportioning, the variations of temperature in dif- 
ferent parts of the casting are reduced to a minimum which, 
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in turn, contributes to defect-free solidification and a bal- 
anced grain structure. | 

The difficulties discussed in relation to figure 9-7 may be 
eliminated by rounding the outer corner and filleting the 
inner corner. The fillet’s radius, however, should not be 
excessive. Usually, a radius equal to one-half the thickness 
of casting section is adequate. Where the joining sections 
have an unequal thickness, the mean or average of the two 
thicknesses is satisfactory. These same general rules also 
apply to “T,” “V,” “Y,” and “X” sections. Some examples 
of poor and improved designs for adjoining sections are 
shown in figure 9-9. 

Several rules apply to designing adjoining sections. 
Avoid sharp corners to eliminate heat and stress concentra- 
tion. This should be accomplished by blending the sec- 
tions or by using fillets. Bring only a minimum of sections 
together. Anything over three member sections at one 
junction is inviting shrink and porosity troubles in the area 
of the junction. 

Bosses and pads should not be included in the casting de- 
sign unless absolutely necessary. They increase the metal’s 
thickness and create hot spots which may lead to improper 
solidification and to the development of a coarse-grained 
internal structure. If bosses and pads are used, they should 
be blended into the casting by tapering or flattening the 
fillets. If several lugs and bosses are required for one sur- 
face, they should be joined as a panel of uniform thickness. 

For maximum effectiveness, ribs must not be too shallow in 
depth nor too widely spaced. Figure 9-10 illustrates good 
designing of ribs to avoid molding problems. Rubs should 
also be rounded at the edge, correctly filleted, and their 
thickness approximately 80 percent of the casting thickness. 

If possible, design a casting so that the surfaces to be 
machined are cast in the drag section of the mold. If such 
surfaces must be cast in the cope section, you must provide 
an extra allowance for the finish. 
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Figure 9—9.—Use of fillets and rounded corners. 


Controlling Solidification 


Controlled solidification is basic to the production of sound 
castings. This control is normally obtained through a com- 
bination of closely related factors including casting design, 
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gating and risering, pouring temperature, and pouring 
speed. Under certain conditions such additional techniques 
as padding, the use of internal and external chills, and mold 
manipulation may be necessary to control the casting’s 
solidification. 





Courtesy of Mechanite Metal Corporation 


Figure 9—-10.—Rib design for maximum effectiveness. 


We have previously discussed the use of chills in Chapter 6. 
Gates and risers are presented in Chapter 7. Casting design 
and its relationship to solidification forms a major portion 
of this chapter. And, pouring temperature, pouring rate, 
and mold manipulation are treated in Chapter 10. Although 
the several factors related to solidification and the production 
of sound castings are presented as isolated factors, you must 
remember that the difference between a sound and an infe- 
rior casting depends upon the extent to which these factors 
have been related to, and incorporated in, the over-all job of 
producing the casting. 
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QUIZ 


. What is the relationship between the temperature of molten metal 


and the movement of the metal's atoms? 


. What do the atoms do when a metal solidifies? 

. Name the three common space lattice formations. 

. Give an example of an intermetallic compound. ` 

. During solidification, what is the effect of high temperature and 


slow cooling on the grain size of a metal? 


. What is allotropy? 
. Why is it unlikely that you will find alloys made of lead and 


aluminum? 


. What is an eutectic alloy? 

. How does a casting solidify? 
10. 
11. 
12. 


What determines the rate at which a metal solidifies? 
What is meant by progressive solidification? 


Name two kinds of contraction that occur in a mold after the metal 
has been poured. 


. Why is grain structure likely to be nonuniform in most castings? 
. How ean variations in grain structure at intersecting areas of a 


custing be overcome through a pattern’s design? 


5. How is progressive solidification obtained through design? 
. Why should bosses and pads be avoided if possible? 
. What factors may be involved in controlled solidification? 


278 


CHAPTER 10 


CASTING PROCEDURE 
SELECTING THE CASTING ALLOY 


All metals and alloys have special characteristics which 
make them useful for certain applications. No one metal, 
though, is satisfactory for every job. Therefore, you must 
know the best use to which each casting alloy may be put. 
The factors considered in selecting the material for a casting 
are the properties possessed by metals and alloys. This sub- 
ject was discussed in Chapter 5. 

Usually, the metal from which a casting is to be poured is 
specified on the job order requesting the work. Occasionally, 
though, you may be required to recommend the alloy best 
suited for the purpose the casting is to serve. Or, it may 
be necessary to suggest a substitute material in the event 
that the most desirable material should be temporarily out 
of stock. The information necessary for the proper selection 
of casting alloys to meet various in-service conditions is 
included under the column headed “Use” in Tables IIT and 
IV on pages 142 and 152. Study these tables carefully. They 
will provide the information you need to select the right 
alloy for the right job. In addition, keep abreast of the new 
information and specification revisions furnished to the 
fleet by the Bureau of Ships. 


CALCULATING THE CHARGE 


An ability to estimate the total amount of metal needed 
to pour a group of castings is important in the operation of 
any foundry. There are several methods, depending upon 
the circumstances involved, that you can use to make this 
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determination. Each method requires a knowledge of shop 
mathematics. If you are not familiar with the elements of 
arithmetic, or the procedures used to determine the volume 
of geometric shapes, you should learn them as soon as pos- 
sible. Mathematics, NavPers 10069, will help you gain the 
numerical knowledge and skill you need. | 

If the defective part for which a new casting is being made 
is available, it is a simple matter to determine the amount 
of metal required. In this case, all you need do is weigh the 
defective part, calculate the weight of the sprues, gates, and 
risers, and add these weights to that of the casting. 

More often than not, though, an old casting is not avail- 
able. If the part being produced is small, and if its pattern 
has a solid construction without cores, you can determine 
the casting’s weight by weighing the pattern and multiply- 
ing that weight by a constant value. The constant numerical 
value used depends on the type of metal being cast. These 
numerical] values are listed in Table VIII. 


TABLE VII].—Values for Determining Casting Weight From Pattern 


Weight 
Material Factor 
Lee]; Se fo en EE 2 OE Se 17.0 
Cist SE ch ae a ese 16.5 
TS POUZ Oe et i i ie Sie hg Ae 18.5 


To illustrate this method, suppose that you have a solid 
white-pine pattern weighing three-quarters of a pound, and 
that the metal from which the casting is to be poured is cast 
iron. The approximate amount of metal needed for this 
casting is 12.38 pounds (0.75X16.5). To this amount, of 
course, must be added the estimated weight of risers, sprues, 
and gates. 

This method must be used with caution. You'll get a 
wrong answer if the pattern is other than solid; if it is made 
from a wood other than white pine; or if the casting is cored. 
When conditions such as these exist, break the casting’s de- 
sign down into simple component sections—round, square, 


280 


plates—and caleulate the volume of each section in cubic 
inches. Then, multiply the casting’s total volume by the 
weight per cubic inch of the metal to be poured. 

The weights per cubic inch of the common foundry alloys 
are listed in Table IX. A typical example of the use of 
the breakdown method for calculating casting weight is il- 
lustrated in figure 10-1. 

Once you have determined the weight of each individual 
casting, plus the weight of its sprues, gates, and risers, it is 
merely a matter of addition to determine the total amount 


BREAK CASTING DOWN INTO THE 
COMPONENTS. FLANGE 

FLANGE 

BODY OF FITTING 


FLANGE 
(1) DETERMINE AREA OF OD 
12 m = 113.097 
4 ` 
(2) DETERMINE AREA OF ID: 
an: 12.57 
4 


(3) AREA OF FLANGEr:(I) - (2) : 1005 


(4) VOLUME OF FLANGE*(3)X2"s 
$00.6 X 2: 2011 





FLANGE 


(5) OETERMINE AREA OF OD: 78 


Ww 


: 4 
(6) DETERMINE AREA OF ID: z 12 57 


2 
ion 
4 
ên 
4 


(7) AREA OF FLANGE :(5)-(6) z 65 @4 


(8) VOLUME OF FLANGE = (7) X 2“”* 66 X 2 * 13.95 


BODY 


(9) DETERMINE AREA OF OD +6 T : 28 


Ww 


N 


4 
(10) DETERMINE AREA OF ID : 4°92 125 


4 

(1 1) DETERMINE AREA OF CROSS-SECTION (9)*(10)«15 73 

(12) SINCE CROSS-SECTION IS UNIFORM THE CENTER OF GRAVITY OF THE 
ENTIRE AREA IS ON THE CENTERLINE. THEREFORE THE VOLUME OF 
THE BODY CAN BE DETERMINED BY MULTIPLYING THE AREA OF 
THE CROSS-SECTION (11) BY THE LENGTH ALONG THE LENGTH 
OF THE CIRCLE OF THE CENTER OF GRAVITY. 

(13)RADIUS OF CENTERLINE OR CENTER OF GRAVITY OF BODY: 7“ 

(14) LENGTH ALONG CENTERLINE 270 22x ZX3I46. 146 2 

(15) VOLUME OF BODY=(II) X (14):158 X 11.011727 ` 

(16)TOTAL VOLUME : 505 77 

(I7)STEEL WEIGHT z.284.X(I6)*.284 X $05.77=143 €3 

(IB)FILLETS AND FOUNDRY VARIATIONS 3% 4 3⁄ 

(I9)TOTAL WEIGHT® 147.94 LBS. 


I.D.—Inside Diameter O.D.—Outside Diameter 








Figure 10—1.—Calculating the weight of a casting. 
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of metal needed to pour all the molds that have been rammed. 
However, the total amount of metal required is only a part 
of your charge calculation answer (unless the castings are to 
be poured from pure metal or from some stock alloy such 
as the nickel-copper alloy prepared by the Norfolk Naval 
Shipyard). 


TABLE IX.—Weight of Common Casting Alloys 


Material Lbs. Per Cubic Inch 
Cast steel: cu... 2 ae ae ee 0. 284 
Cast aluminum_._ __ _ 0. 098 
Composition C and M--------------------------- 0. 317 
Manganese bronze___-------------.--..--------- 0. 303 


With few exceptions, castings are made from alloys; that 
is, several elements are combined to make the casting ma- 
terial. So, you must determine how much of each element 
is required to obtain an alloy of the desired composition. 
How is this determination made? 

Suppose that 250 pounds of metal containing 86 percent 
copper, 8 percent tin, 4 percent zinc, and 2 percent lead is 
needed to pour a certain number of castings. You first 
determine how much of each element is required. This you 
do by multiplying the total weight of the batch by the per- 
centage of the element to determine the required weight of 
that element. The procedure in our problem is as follows: 


Cu= 250 X .86=215.0 pounds 
Sn=250 X .08= 20.0 pounds 
Zn =250X.04= 10.0 pounds 
Pb=250X.02= 5.0 pounds 


These results represent the desired composition of the charge 
in terms of weight per element. 

All metals, however, are susceptible to MELTING Loss; that 
is, some portion of the element is lost during the melting 
procedure. Such factors as the kind of charge, the melting 
unit, the melting practice, the tapping temperature, and the 
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length of time the batch is held at the superheat temperature 
before tapping have considerable influence on the amount 
of melting loss that occurs. 

A complete discussion of melting losses for all types of 
melting units, melting practices, and composition analyses is 
beyond the scope of this course. The subject is discussed in 
the Foundry Manual, NavShips 250-0334. Further, infor- 
mation pertaining to melting losses applicable to a particu- 
lar melting unit should be available in any foundry to which 
you may be assigned. Our purpose herein is to emphasize 
that the melting loss factor must be considered when calcu- 
lating the charge, and that the amount of loss depends 
largely upon a number of variables. 

Metals are not equally affected by high temperature. The 
melting loss of silicon, phosphorus, sulfur, nickel, chromium, 
and molybdenum is negligible, being on the average one- 
quarter of one percent (0.0025). The melting loss of some 
elements depends upon the alloy in which they are incor- 
porated. For example, in steel making, manganese has a 
melting loss of 10 percent, while in the production of man- 
ganese-bronze its melting loss is negligible. 

Other cases of variable loss during melting are zinc and tin. 
When making composition G bronze in an induction furnace, 
10 percent zinc and 2 percent tin, over and above that re- 
quired in the basic calculation, are added to compensate for 
oxidation during melting. When producing a similar alloy 
in an oil-fired unit, the extra addition of these elements to 
compensate for melting loss is about 1 percent zinc and 14 
percent tin. 

Having determined the basic weight of the elements needed 
for the charge, the next step is to determine the addition 
necessary to compensate for melting loss. This calculation 
is made by multiplying the weight of the element required 
by the expected percentage of melting loss of each element, 
and adding those results to the original calculation. 

Assuming that copper and lead melting losses (actually 
from 0 to 4 percent) are negligible, and that the melting loss 
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of zinc and tin is 1 percent and 14 percent respectively, the 
calculation is as follows: 


Cu 215X0.0 =0 +215=215.0 pounds total 
Sn 20X0.005=0.1+ 20= 20.1 pounds total 
Zn 10X0.10 =1.0+ 10= 11.0 pounds total 
Pb 5xX0.0 =0 + b= 5.0 pounds total 


Thus far in our calculations we have worked only with vir- 
gin metals. Most casting alloys, however, contain a consider- 
able portion of scrap—sprues, risers, gates, and defective 
castings. When scrap makes up a portion of the charge, the 
Molder must take the composition of the scrap into consider- 
ation. 

Your final step in calculating the charge is determining the 
weight of each element in the scrap and deducting that 
weight from the weight of a particular element that must be 
added to the charge. To illustrate this point, suppose that 
75 pounds of our 250-pound charge is scrap metal having an 
analysis of, say, 80 percent copper, 15 percent tin, and 5 per- 
cent zinc. By multiplying the total weight of the scrap by 
the percentage of each element it contains, you can determine 
the weight of each element in the scrap. The scrap portion 
of the charge contains by weight 60 pounds of copper, 11.25 
pounds of tin, and 3.75 pounds of zinc. Subtracting these 
amounts from the total of each element required results in 
the amount of virgin metal needed to make up the charge. 
This calculation is as follows: 

Cu=215. 0—60. 00 (scrap) =155.0 pounds virgin metal required 

Sn= 20. 1—11. 25 (scrap)= 8.85 pounds virgin metal required 

Zn= 11.0— 3.75 (scrap)= 7%. 25 pounds virgin metal required 

Pb= 5.0— 0.0 (scrap)= 5.0 pounds virgin metal required 

If our original 250-pound charge is to be made up with 75 
pounds of the scrap having the composition indicated in the 
preceding paragraph, the weight of pure metals included in 
the charge is 155 pounds copper, 8.85 pounds tin, 7.25 pounds 
zinc, and 5 pounds lead. Your calculations for other charges, 
whether they be ferrous or nonferrous, may be made in a 
similar manner. 

The PROPORTION OF SCRAP (gates, risers, and left-over 
metals) ina charge varies with the service expected from the 
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casting. Whether the proportion is large or small, however, 
you still must know the composition of the scrap available if 
you are to produce casting alloys having the specified analysis. 
Scrap classification is, in many respects, a difficult task. No 
difficulty exists in distinguishing cast iron from aluminum 
or bronze. Brasses and bronzes may be roughly classified by 
the color of a freshly filed surface, bronzes being rather red- 
dish in color while brasses are yellowish. Additional aids to 
classification are weight and use, the latter being the most 
practicable. But there is no easy way to distinguish among 
“G,” “M,” or leaded bronzes. 

The only accurate way of identifying metals of unknown 
composition is by using chemical analysis. Since this method 
is not available in Navy shipboard or advanced base found- 
ries, the only solution is to keep the scrap of different com- 
positions carefully separated and stowed in individual bins. 
You can safely assume that if a scrap material has been 
previously used for a certain purpose, it can be used again 
for a similar purpose. For example, scrap valve bodies are 
suitable for use in heats intended for valves. 

It follows, then, that a good way to keep scrap segregated 
in the bins is to stow it according to its previous use. In this 
system, tin-bronze valve scrap is stowed in one bin, man- 
ganese-bronze propellers and rudders in a second, lead-bronze 
bushings in a third, ordinary gray-iron scrap in a fourth, and 
so on. Copper scrap obtained from electrical fittings—bus 
bars and similar current-conducting elements—are usually 
as pure as virgin copper ingot and should be stowed as such. 

Accurate control of cemposition is always mandatory. 
However, where pressure tightness is of prime importance 
in a silicon or manganese bronze, it is Important that you 
avoid using lead-bearing bronze scrap. Aluminum-bronze 
scrap has a similar effect on the pressure tightness of “G,” 
“M,” and hydraulic bronze castings. Further, you must care- 
fully avoid the use of aluminum in any form when melting 
tin bronzes. A careful classification of scrap, as well as an 
accurate knowledge of its composition, is of primary impor- 
tance in the calculation of charges and the production of 
sound castings having good mechanical properties, 
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The form shown in figure 10-2 is a helpful device for cal- 
culating charges for nonferrous metals. Since the calculating 
procedure is much the same, a similar form may also be used 
for ferrous alloys. However, the production of ferrous 
castings in the Navy is accomplished, usually, through the 
use of previously combined “remelt materials” which are 


HEAT NO.  _ NAME OF ALLOY DATE 


WEIGHT OF BASE CHARGE: 


NET WEIGHT OF ADOITIONS (N.W.A.): 


NET WEIGHT OF CHARGE: nm.. 
IF VIRGIN METALS ONLY ARE USED, DISREGARD BELOW THIS LINE. 


CALCULATION OF AVAILABLE ALLOYS FROM SCRAP OR INGOT: 


SCRAP, HEAT NO. A WGT 
Ibs. x kA Cu s ibs. 
x % 


— = See. 
x 


— 
=: 
% ° 


lbs. 


CALCULATION OF VIRGIN METALS ( V. M.): 
NET WEIGHT OF ADDITIONS (N W.A.) - WEIGHT OF ALLOYS 
FROM SCRAP s VIRGIN METALS (V. M.) NECESSARY. 


U UN 





Figure 10—2.—Form for calculating charges. 


286 


produced by the Molder from basic raw materials. The com- 
position of basic raw materials used in the production of 
remelt metals and ferrous castings is given in Table X. 

The Molder produces two remelt materials (which are 
subsequently used in the production of ferrous casting 
alloys) from the basic raw materials. These remelt ma- 
terials should be clearly marked and stowed in separate bins 
as previously described. 

The percentages of raw materials used to produce remelt 
materials are listed below. 


Remelt No. 1 (soft) Percent of total charge 
Structural steel scrap--------------------- 20. 00 
Low phosphorus pig iron------------------ 80. 00 


0. 25 
2. 00 


Ferromanganese (B) 


Ferrosilicon (D) Spout additions- 


Remelt No. 2 (hard) 


Structural steel scrap--------------------- 30. 00 
Low phosphorus pig iron------------------ 70. 00 
Ferromanganese (B) | oe [ 0.25 
Ferrosilicon (D) — |°Poutadditions._ | 1 o, 


Both of these remelt materials are used to make several 
grades of cast iron. Remelt No. 1 is incorporated into 
charges intended for general-purpose iron castings. Remelt 
No. 2 is used in charges intended for the production of 
medium and high tensile-strength iron castings. 

A typical GENERAL-PURPOSE charge is: 


Percent of total charge 


Pig iron, Grade A___---------_--- 15 RERE 
. Low phosphorus pig-------------- 40 50 

Remelt No. 1--------------------- 30 35 

Steel. SCrapsssass shes ease ye 15 15 


Ferromanganese (B) Spout addi- Í 0.25 0.25 
Ferrosilicon (D) tions. 0.25 0.25 
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The average chemical composition of this charge is: 


Total carbon__________ 3. 30-3. 35 percent 
Mii eed ea eee ee Sey ee 0. 80 percent 
Ol La us asam i ee ti se 2.00 percent 
| ee Rae RE ITE ere Less than 0. 20 percent 
fo ee Ie eT Less than 2. 12 percent 


A typical MEDIUM TENSILE charge is: 


Percent of total charge 


Pig iron, Grade A... I5 er 
Low phosphorus pig- ------------- 35 40 
Remelt No. 2._._.-.----.---.-__- 35 45 
Steel scrap- ------- EE eae Bio z- 15 15 
aor gad go ite šu 
| 0.25 0.50 


Total carbon- -------------------- 3. 10 percent 
MIN sadist na big ate S E ENE 0. 80 percent 
E EE A ed otek ee 1. 60 percent 
aN ei aah ca ee ss eee Less than 0. 20 percent 
Dee ae ese eee Less than 0. 12 percent 


A typical HIGH TENSILE charge is: 


Percent of total charge 


Low phosphorus pig- -------------------- 35 
Remelt, No. 2..____ 532 2.2... 2.1... - 45 
Steel serap___ 2... 1... 1... - 20 
Ferromanganese (B)--------------------- 0. 25 
Ferrosilicon (D)------------------------- 2 
Perronicel 33 etn 3 os ae a siete Soe sassa 1. 50 
Ferrochromium___..__.. -------------- 0. 30 
Ferromolybdenum__-__-_-_---------------- 1 


The average chemical composition of this charge is: 


Total'earbo u. z 2 2 L sns 2. 90 percent 
WAN Aes he apa ee 0. 80 percent 
E ek anne LD ee E Pa ee eo sss 2.10 percent 
| enn ss olspas Less than 0.20 percent 
STIEN EEN eho Less than 0. 12 percent 
NI oaen agan ar EE ---- 1.35 percent 
( ENE E E AEEA EAEE AEE 0.20 percent 
NO) S253 2 Lee eee 0.60 percent 


GENERAL-PURPOSE IRON is suitable for light, small, shell-like 
castings where the section thickness ranges from 1% to 34 
inch. The hardness of this iron ranges from 180 to 210 
Brinell (89 to 96 Rockwell B) and its tensile strength is 
between 34,000 and 40,000 pounds per square inch. 

Where a hardness from 210 to 250 Brinell (96 to 102 Rock- 
well B) is necessary in castings having a similar section of 
thickness, small additions of other elements may be included 
in the heat. An increase in hardness of the amount indicated 
may be obtained by including in the final analysis of the 
charge either of the following: 1.25 percent nickel and 0.25 
percent chromium; 0.50 percent nickel and 0.30 percent 
molybdenum; or 0.40 percent molybdenum. 

A general-purpose iron may also be used in sections heavier 
than those previously indicated if a softer iron with lower 
physical properties is acceptable. For example, a shell hav- 
ing a section thickness from 1144 to 114 inches and requir- 
ing a Brinell hardness from 160 to 180 (84 to 89 Rockwell B) 
may be satisfactorily produced from the modified general- 
purpose iron. 

Where the section thickness is less than 1% inch, and the 
section requires machining, the silicon content in the iron’s 
final analysis should be increased to a range of 2.25 to 2.50. 
If sectional thicknesses in the casting vary considerably, a 
0.50 and 0.30 percent ferronickel and ferromolybdenum addi- 
tion should be made to promote a uniform grain structure. 

MEDIUM TENSILE IRON (40,000 to 50,000 pounds per square 
inch) is particularly satisfactory where the section thickness 
is between 34 and 11% inches, and where a Brinell hardness 
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between 180 and 210 (89 to 96 Rockwell B) is required. For 
the same sectional thickness, the iron’s hardness may be in- 
creased to about 250 Brinell (102 Rockwell B) by making the 
alloy additions described for the modification of general- 
purpose iron. Medium tensile iron is also satisfactory for 
section thicknesses up to 4 inches where a relatively good 
grade of iron is desired, but where strength and hardness are 
not critical or specified. 

HIGH TENSILE IRON (60,000 to 65,000 pounds per square 
inch) is used only in special applications where the sectional 
thickness is greater than 34 of an inch and where high 
_ physical properties are required. 

The grades of cast iron described in the preceding para- 
graphs are suitable for most jobs. Conditions may arise, 
however, in which an iron having a different analysis is re- 
quired. Suppose, for example, that you have to produce a 
casting having the following chemical specifications : 


Total carbon------------------ 3. 15-3. 25 percent 
Mira z pz: eee ek 0. 80-0. 90 percent 
s ene ests tee EE ere a ae eed ee 1. 70-1. 90 percent ` 
| Ge On eae ae ee Less than 0. 20 percent 
o a a E A E Se Less than 0. 12 percent 
Niacin ee 1. 00-1. 10 percent 


A calculation as shown in figure 10-3 should be made. 


MELTING THE HEAT 


The manner in which you place a charge in the melting 
unit depends pretty much on the charge itself and the type 
of furnace available. As a general rule, large pieces and 
foundry returns (gates, risers, and sprues) should be charged 
first. These materials must be as free from sand as possible. 
Sand causes a slag blanket to form on the surface of the mol- 
ten metal. The formation of a slag blanket is particularly 
harmful when the melting unit is an electric-arc or resistor 
furnace. Slag insulates the metal from the heat generated by 
the electrodes, and makes it difficult to raise the heat to the 
tapping temperature. 
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Weight in pounds in each 100 pounda 
of charge 


Darse ccwevscccccccepevsenes E 


2. Low phosphorus pig noa 
> 


Total........ 


T. ° CeoeeoeersreSSeeee eee GTesgeeeeeeeseeossoeeeenevoeeneeeease eee... 3.15-3.25 percemt 
Ma eeooooooo0oooo0ooo9,..o.qQ e@eoeoooooooo0ooooo l 0 0oooQo0ooooooo CO8BE8 0.80-0.90 percent 
Si e@oeooooo.o0o0oo0oo000o0op0pDoooo0o ooo oo00o0oooo.oo0o0o0oo0oo0oooo. EELSE EEEE 1.70-1.90 percent 
P gees sscscoooooooooocsesoooooooooooo........................ Less than 0.20 percemt 
POP CCSC CO SEEE OOS EE SELL ooo. 0... oo... 0... Less than 0.12 percente 
cccccccccccccccceccs coccceccces 1001.0 percoms 





Figure 10—3.—Calculating a typical cast-iron charge. 


After charging the foundry returns, borings from the 
machine shop (if used) are placed in the furnace. On top 
of the borings are placed the ingots or pigs of the higher 
melting point elements, including such additions as nickel, 
chromium, molybdenum, and vanadium. In steel and cast- 
iron heats, the final material included in the cold charge is 
steel scrap. 

Elements such as ferromanganese and ferrosilicon in fer- 
rous heats, and zine and tin in nonferrous heats, are not 
added until the charge is molten. These additions are usually 
made from 3 to 5 minutes prior to tapping the heat. 

You remember from Chapter 4 that the proper charging 
procedure is a matter of experience. You also recall that 
care must be exercised in charging the heat to avoid damag- 
ing the electrodes of electric-arc and resistor furnaces, and 
the crucibles of oil-fired and induction furnaces. The in- 
struction booklet furnished with each melting unit contains 
specific instructions for charging. If you must charge a 
furnace without the benefit of experience, or without the 
benefit of advice from experienced personnel, refer to the 
publication pertaining to your specific furnace before at- 
tempting to charge and run the heat. 


292 


One of the most important points to bear in mind when 
charging is to make sure that all materials making up the 
charge are thoroughly dry and free from oil, grease, or other 
foreign matter. This precaution is necessary to avoid de- 
fective castings due to the inclusion of gases in the casting. 


GASES IN METALS 


Gases may be present in castings in three states: in the 
. free state, in cavities; in solution in the metal; or in chem- 
ical combination with the metal—for instance, rust (Fe,O,). 
There are many possible origins for gases in cast metal: cav- 
ities within the ingot or scrap before melting; oxides in the 
ingot or scrap, or organic compounds, such as oil or paint, 
on its surface; moisture on the metal, furnace lining, spout, 
or ladle; humidity in the atmosphere. The very fluxes which 
are added to the melt to prevent gas pickup may themselves 
be moist. Finally, in an oil-burning furnace, the process 
of combustion releases moisture. 

It is obvious that all castings will contain undesirable 
gases unless melted, poured, and solidified under extremely 
close foundry control. The chance that gas will cause cast- 
ing defects depends on its state (free, dissolved, or com- 
bined), the kind of gas present, and the amount. Gas re- 
maining in solution in the solid state will cause no harm. 

The gas which gives greatest difficulty in bronze, brass, and 
aluminum alloys is hydrogen. None of the ordinary metals 
combine chemically with hydrogen, but when molten they 
dissolve it very easily. The higher their temperature above 
the melting point, the more hydrogen they will dissolve. 
Conversely, as the metal containing hydrogen cools, it will 
expel the gas. Finally, when solidification occurs, all hydro- 
gen above the limit of solid solubility will be expelled. This 
escape of hydrogen at the instant of solidification causes gas 
holes in thecasting. Also, by stopping liquid feed metal from 
fiowing between the dendrites and grains, the escaping gas 
may be the direct cause of casting shrinkage. Risers, no 
matter how well placed, are powerless to prevent shrinkage 
from this cause. 
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The simplest method of avoiding gas holes and gas porosity 
in castings is to keep the solution of hydrogen below the limit 
of solid solubility. Several means are available. The first is 
to heat the ingot and scrap slowly to evaporate all water and 
burn all oil and paint BEFORE ANY MELTING occurs. The chief 
source of hydrogen is, of course, water vapor. (Even burn- 
ing off oil and paint releases water as a product of chemical 
reaction.) When water comes into contact with molten metal, 
it decomposes to form nascent (atomic) hydrogen and oxy- 
gen. Hydrogen dissolves easily; oxygen combines with the 
metal to form oxides. 

The ideal, of course, would be to eliminate all moisture. 
In practice, however, while you can keep moisture low by 
making sure all metal, flux, and furnace parts are perfectly 
dry, some moisture will still remain in the atmosphere. 
Therefore, you need other methods to help keep the solution 
of hydrogen down. For this purpose you can (1) pour the 
metal as soon as possible after melting, giving less time for 
gas to dissolve; (2) heat the metal no hotter than necessary, 
since the hotter the metal the more gas is in solution; and 
(3) keep the atmosphere in the oil-burning furnace slightly 
oxidizing, rather than neutral or reducing. It is true that 
the excess of oxygen in an oxidizing atmosphere will cause 
a build-up of oxides in the metal. But the oxides help clear 
the molten metal of hydrogen; and they can, in any case, be 
completely removed before the metal is poured, by the use of 
fluxes. 

Removal of oxides before pouring is very important, since 
oxides reduce the solid solubility of hydrogen. Proper flux- 
ing is therefore a vital art for you to learn. The operation 
must be carefully and correctly performed if any benefits 
are to be realized. When you use solid fluxes, make sure they 
are absolutely dry and apply them in such a way that they 
will act upon the maximum amount of molten metal. Gaseous 
fluxes are generally piped to the bottom of the melting pot 
and allowed to bubble gently through the metal. Like all 
fluxes, they must be free of water vapor and hydrogen. 
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Bronzes should be fluxed with phosphor-copper—at least 
2 ounces of 15 percent phosphor-copper per 100 pounds 
of melt; if deoxidation has been complete, the metal will pour 
without the stream scumming over at any point. Brasses 
should be fluxed with zinc. Aluminum may not require flux- 
ing; if it does, complete dryness is absolutely essential—the 
flux may otherwise do more harm than good. Fluxes fre- 
quently used for aluminum include zinc chloride, aluminum 
chloride, cryolite, and gaseous nitrogen or chlorine. 

Common practice in melting aluminum alloys is to heat 
the metal to a temperature of 1300° F. to 1400° F. before add- 
ing flux. The required amount of flux can be determined by 
sprinkling a small quantity on the molten metal, stirring it 
into the dross, and continuing to stir in other small amounts 
until the dross becomes powdery or granular. This dry, 
granular dross can easily be removed. 

In the melting of steel, adding iron ore to the charge ' 
causes some of the carbon in the charge to form carbon 
monoxide. The carbon monoxide forms bubbles in the 
molten steel and provides a stirring action which carries 
off the hydrogen which has migrated into the carbon mon- 
oxide bubbles. Boiling should be maintained throughout 
the heat, up to the time the “finals” (i. e. ferromanganese and 
ferrosilicon) are added. Once they have been added, power 
should be shut off as soon as possible to avoid unnecessary 
absorption of gas. 

Oxides formed in steel are readily reduced by manganese, 
silicon, and aluminum. Aluminum is used as a final de- 
oxidizer. Extreme care must be taken in adding alu- 
minum or it will not be effective. It is a very powerful de- 
oxidizer and should always be used when pouring steel into 
green sand molds, particularly when the steel is made in the 
rocking-are or induction furnace. Aluminum should be 
added in such a way that it enters the steel and does not burn 
on the surface, or react with the slag. Aluminum is avail- 
able at advanced bases and aboard repair ships in the form 
of ingots, normally used in the production of aluminum 
castings. Since it is necessary to conserve on the number 
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of materials and their forms, aluminum for steel deoxidizing 
should be prepared by melting the ingot and casting it into 
small molds. 

In summary, then, you should take the oss steps to 
keep down gases in your castings: 


1. Make sure metal, furnace parts, and ladle are perfectly 

dry and clean. 

2. If you must use wet or dirty metal, hold the furnace at 
a temperature that will evaporate the moisture and 
burn off the organic material before proceeding to 
melting temperature. 

. Heat the metal no hotter than necessary. 

. Pour the metal as soon as possible. 

. Maintain a slightly oxidizing furnace atmosphere. 

. Use fluxes, and use them properly. 


So Or he Oo 


POURING THE HEAT 


The time during which a charge is being transformed from 
a liquid to a solid is not a period of idleness in the foundry. 
Pouring is a critical operation and adequate preparations 
must be made. These preparatory steps include both the 
preparation of equipment and the preparation of personnel. 

Good housekeeping is important at all times, but it is ab- 
solutely essential when pouring operations are in the offing. 
The foundry floor area must be carefully inspected and 
policed. All tools and materials not needed for pouring the 
heat must be cleared away and stowed. All molds must be 
checked to make certain that they are securely clamped. All 
handling equipment that is to be used to convey molten meta] 
from the furnace to the mold must be carefully inspected so 
that defects, if any, may be detected and eliminated. And, 
each man must know precisely the part he is to play in the 
operation. Many tasks in the foundry are of an individual 
nature, but the pouring operation requires teamwork. And, 
remember, you are a member of that team. 

Of the steps taken to prepare equipment for pouring, one 
of the most important is preheating the ladle. As you may 
recall, the kinds and sizes of ladles, their construction, and 
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Figure 10—4.—Preheating the ladle. 


some information pertaining to their use were discussed in 
Chapter 3 and were illustrated in figure 3-8. Here, our pur- 
pose is to stress the importance of thoroughly preheating the 
ladle to eliminate the presence of moisture. 

The importance of the ladle preheating operation, illus- 
trated in figure 10-4, cannot be overemphasized. Numerous 
injuries to personnel have resulted from improperly dried 
ladles. Moisture that remains in the ladle lining may be- 
come pocketed under the molten metal. If this occurs, water 
vapor is rapidly formed and blows the metal out of the ladle 
with explosive force. Even the slightest bit of moisture in 
the ladle lining will often cause porosity and casting un- 
soundness. | 

To facilitate drying out, it is good practice to drill 346- or 
14-inch holes on 4-inch centers through the ladle shell prior 
to ramming the lining. When this provision has been made, 
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it is easy to determine when the lining is dry enough for use. 
With the application of heat to a new lining, steam escapes 
through the shell vents until all moisture is driven off. Heat 
should be applied until the flow of steam stops completely. 
Even though the ladle is not newly lined, it must be preheated 
just prior to tapping the furnace. This is done to eliminate 
any moisture that may be absorbed from the atmosphere by 
the lining. Also, of course, preheating the ladle means the 
molten meta] will lose less heat in its trip from the furnace 
to the mold. 

Prior to tapping the furnace, each man in the shop must be 
properly outfitted in safety clothing. Further, he must 
know exactly what he is to do in the operation. He must 
know in detail the plan for the entire procedure, and he must 
know who is going to do what, where, and when. The plan- 
ning for this operation is the responsibility of the petty offi- 
cer in charge. However, it is your responsibility to make 
certain that you understand the instructions given. If you 
are not sure of the operation you are expected to perform, ask 
questions until you are. The time to find out is before the 
heat is tapped; not after pouring has commenced. No man 
should handle molten metal until he knows what to do, and 
how to do it. 

All preparatory steps for pouring must be completed be- 
fore the heat attains the tapping temperature. Proper pour- 
ing temperatures for a given metal vary with casting size, 
design, and the desired pouring rate. Because of these vari- 
ables, precise pouring temperatures suitable for all jobs can- 
not be specified. The following temperature ranges, how- 
ever, may be used as a general guide: 


Ce its a eee 2850° F. to 2950° F. 
Cast: IPO asso teeta 2300° F. to 2400° F. 
Manganese bronze-____ 1875° F. to 1975° F. 
G and M bronze_______ 2000° F. to 2200° F. 


Immersion or optical pyrometers should always be used 
to determine the temperature of molten metal. These in- 
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struments are available in your shop; use them. If they are 
not functioning properly, have them repaired. 

In an emergency, temperatures may be determined by care- 
ful observation, or by using methods other than pyrometry. 
For an example, you can approximate the pouring temper- 
ature of cast iron by inserting a 14-inch diameter, soft iron 
rod into the molten bath for a period of 15 to 20 seconds 
and observing the reaction. If the tip sparkles, the temper- 
ature is approximately 2700° F. Should the tip melt in that 
time, the temperature is 2800° F. or better. Again, in regard 
to cast iron, a bubbling action can be observed when the 
temperature is 2800° F. or above. Temperature determina- 
tion methods of this kind are guesses at best and should be 
used only in an emergency. 

A, in figure 10-5 shows the foundryman checking the 
molten metal’s temperature. B, in figure 10-5 illustrates 
the tapping procedure and demonstrates that teamwork is 
essential. Although only two men are visible in B of this 
illustration, the operation could not be performed without 
the furnace operator who controls the tapping procedure 
with the furnace’s portable push-button station. 

Tapping often involves more than merely transferring 
molten metal from the furnace to the ladle. In many in- 
stances it involves ladle additions, either before or while 
the ladle is being filled with molten metal. For example, 
when running steel, deoxidizers (calcium-silicon-manganese 
or aluminum) are added to the ladle when it is half-full to 
“kill” the heat. 

Whether or not deoxidizers are used as ladle additions, 
complete filling of the ladle should be avoided. The best 
practice when handling any molten metal is to fill the ladle 
only three-quarters full. Ladles filled to this level are easier 
to transport without danger of spilling because metal will 
not flow over the lip until the ladle is inclined 60° from the 
horizontal. Further, the start of the pouring operation is 
most easily controlled, making it possible to keep the ladle 
low and thus keep the height of metal fall at a minimum. 
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Figure 10—5.—Tapping the furnace. 
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Notice in both A and B, figure 10-6, that teamwork is in- 
volved in the pouring operation. This factor is particu- 
larly evident in B where a larger volume of metal is being 
poured. Several men are always necessary. During this 
procedure you may be a furnaceman, shankman, shovelman, 
or skimmer. 

In any pouring operation a skimmer, who prevents the 
dross on top of the metal from entering the mold, is an im- 
portant member of the team. The rod used for skimming 
must be preheated before the operation. This is necessary 
to eliminate moisture as well as to reduce the temperature 
difference between the rod and the molten metal. 

The shovelman has two functions: first, he douses with 
sand any metal that may be spilled; second, he protects the 
hands of the shankman from heat whenever the pouring 
position is such that the shankman must work over a hot, 
newly poured mold. Both A and B, figures 10-6, illustrate 
good pouring techniques. The ladle lip is as close as possible 
to the mold and adequate safety precautions are being 
observed. 

During the pouring operation, the ladle should be 
skimmed carefully. If the slag is too fluid to be skimmed 
properly, dry silica sand should be spread across the surface 
of the molten metal to thicken it. Dry metal rods (see B, 
figure 10-6) or special metal skimmers (see A, figure 10-6) 
should be used for skimming or stirring metal. Using 
wooden skimmers, or stirrers, is definitely bad practice. 
Wood contains moisture; moisture produces unsoundness 
in the castings. 

The pouring basin should be filled quickly to prevent slag 
from entering the mold cavity. In order to do this, the ladle 
stream must be controlled carefully. Once you start to pour, 
continue without interruption until the mold is filled. An 
exception to this rule is when you stop pouring through the 
sprue (when the metal has reached the riser level) to pour 
hot metal down the risers. 

When you pour a metal that forms dross, make every 
effort to avoid turbulent entry of the metal into the mold. 
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Figure 10—6.—Teamwork in pouring. 
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Holding the lip of the pouring ladle as c]ose to the pouring 
basin as possible helps to reduce dross formation. Fill the 
sprue quickly and keep it full to prevent dross and entrapped 
air from entering the mold. Skim gates (perforated cores) 
and pouring cups aid in obtaining this desirable pouring 
condition. | | 

Agitation of the molten metal while it is being transported 
to the mold also increases dross formation and gas absorp- 
tion. This is particularly true in the case of aluminum and 
its alloys. If the metal must be stirred, it should be done 
as rapidly as possible from the bottom upward, exercising 
care not to disturb the surface more than necessary. As 
a general rule, continual skimming of the metal increases the 
total oxide loss. Each time the protective oxide coating 
is removed, a new one forms. Do your skimming just before 
pouring the mold. Also, avoid pouring temperatures above 
those required. High pouring temperatures result in 
greater oxide or dross formation, segregations, rough and 
dirty casting surfaces, unnecessarily high liquid shrinkage, 
and increased danger of cavities, tears, and porosity. 


MOLD MANIPULATION 


Mold manipulation is a procedure that makes it possible to 
keep mold erosion at a minimum. By altering the position 
of the mold after the pouring operation, even more favorable 
solidification conditions may be obtained than by top gating. 
Before pouring is started, the mold is tilted with the ingate 
end lowest as shown at A, figure 10-6. After pouring, the 
mold is turned through an angle of 30°, 100°, or 180°, de- 
pending on the design of the part. Manipulations of 100° 
and 180° are limited to small and medium castings of suit- 
able design. Manipulations of 30°, however, are common for 
both large and small molds. 

The gating system shown in figure 10-7 is devised to insure 
the flow of metal through the bottom ingate until such time 
as the metal approaches the bottom of the riser. When this 
occurs, the balance of the mold and the riser are filled through 
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the upper gate. This heats the riser cavity providing for the 
proper conditions of “hot metal-hot mold” at the riser, and 
“cold metal-cold mold” at the farthest point from the riser. 
(Remember progressive solidification?) - A pouring angle of 
10° or 15° is found satisfactory for proper bottom gating. 





RISER 
SPRUE E VENT 
°@° 
° 
SPLASH + 
PLATE POURING POSITI 
HORN GATE 


A. BEFORE POURING 


o 
O 
Y. 
8. AFTER POURING 


Figure 10—7.—The technique of mold manipulation. 


This is sufficient to enable the metal to travel forward instead 
of spreading out over the entire mold cavity. After pouring, 
the mold is reversed through 30° to 40° to allow for gravity 
feeding. 

The most favorable conditions in both metal and mold 
may be obtained by the “total reversal” method. This is 
shown in figure 10-8. In this case, the feedhead is molded on 
the bottom with only small vents on the top of the mold. 
The sprue enters the riser at the lowest point to prevent drain- 
ing after reversal. After the casting is poured, the vents and 
the sprue are immediately sealed with wet sand, and the mold 
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is reversed through an angle of 180°, bringing the risers 
directly above the casting. 

The use of 100° reversals is not as common as the 30° and 
180°, but it does have its application. It involves pouring 
the mold while it is at an angle of 10° from the horizontal. 


CASTING 





Figure 10—8.—Total reversal manipulation. 


As soon as pouring is complete, the mold is reversed through 
an angle of 180°, placing the riser at the highest part of the 
mold. 

SHAKING OUT AND CLEANING 


After your casting has solidified, it should be allowed to 
cool in the mold until it has reached a temperature which 
will permit safe handling. The cooling time allowed will 
vary with the metal, the type of mold, and the size and design 
of the casting. When shaken out, castings should not exceed 
the temperatures given below: 


| Re OO a SS Pee ROO re 1200° F. 
CASUIPOW pone eee 5 SDS anus 1000° F. 
JManganese Bronzos U ete 1000° F. 
Composition G and M. u uu U U uu. 1000° F: 
AIMU oS Side S saus tE 500° F. 


Shaking out is a simple procedure. When the casting is 
small (see figure 10-9), shake-out is easily accomplished by 
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Figure 10—9.—Shaking out. 


one man. Jolting the flask sharply on the foundry floor is 
usually enough to cause the sand to break away from the 
flask and expose the casting. With larger castings it may 
be necessary to lift off the several flask sections with a hoist. 
Whether the casting is large or small, don’t grab it with your 
bare hands. Although it has cooled enough to solidify, it 
may be hot enough to burn flesh. Be safe. Wear gloves. 
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After your casting is shaken from the mold, remove all 
adhering sand before placing it in the sandblast or shotblast 
cabinet for cleaning. If molding sand is not thoroughly 
removed from the casting, it will mix in with the special 
blasting material (shot or sand) and reduce the efficiency 
of the blasting equipment. In addition, the fine material 
present in the molding sand will increase the amount of dust 
produced during the cleaning operation. Blasting equip- 
ment, as well as its operation, is discussed in Chapter 3 and 
illustrated in figure 3-13. 

A fter blasting, your next step in the casting cleaning pro- 
cedure is to remove the sprues, gates, and risers. They may 
be removed in a number of ways—sawing, chipping, cutting 
with an oxyacetylene torch, and grinding. The method used 
depends on the metal involved and the equipment available. 
Gates, risers, and sprues of brass, bronze, cast iron, and alu- 
minum casting are usually removed with a metal-cutting 
band saw. On the other hand, with some grades of cast steel, 
the best method is the oxyacetylene torch. 

Figure 10-10 illustrates the most commonly used method 
for removing risers. The stub that remains after the cutting 
operation is removed by grinding or chipping. At the same 
time that this latter operation is performed, the Molder also 
removes fins and pads from the casting surface. 

You can save yourself a lot of trouble in the removal of 
gates and risers by careful planning. Their location should 
be considered in the light of easy removal. For example, 
blind risers on a flat surface are much more easily removed 
than risers placed on a curved or irregular surface. Gating 
into risers instead of into the casting is an aid to riser re- 
moval. In addition, it also results in the production of a 
sounder casting. When planning your job, however, do not 
allow “the ease of riser removal” to be your only consideration 
for their location. Remember, the primary factor to con- 
sider in locating gates and risers must be proper feeding and 
the production of sound castings through directional solidi- 
fication. | 

Castings made from special alloys, and intended for special 
purposes, often require special procedures. An attempt to 
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present the variations from the normal procedure is beyond 
the scope of this training course. You can obtain informa- 
tion on special practices by studying Section II, Chapters X 
through XVI. of the Foundry Manual, NavShips 250-0334. 
Another source is the Bureau of Ships Manual, Chapter 43. 
paragraph 43-386. 


= \ 





Figure 10—10.—Removing the riser. 


Although the details of a particular casting’s production 
may vary from that followed on another job, you will always 
have a charge to calculate, a heat to melt, gases to control. 
a pouring technique to consider, and a casting to shake-out 
and clean. The manner in which you perform these steps 
as well as those taken to prepare your sand and construct 
your mold, will determine the success you enjoy as a Navy 
Molder. 
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10. 
11. 


12. 
13. 


14. 
. Why must all molding sand be removed from a casting before it is 


QUIZ 


. What three methods may be used to determine the amount of metal 


needed to pour a casting? 


. What factors influence melting loss? 
. How can scrap be satisfactorily stowed for future use? 
. Why should the use of lead-bearing bronze scrap be avoided in 


important silicon or manganese bronze castings? 


. How are “remelt” materials used? 
. What materials are usually charged into the furnace first? 
. Why must all material making up a charge be thoroughly dry and 


free of oil, grease, etc.? 


. What flux is used for bronze? 
. What “final deoxidizer’’ is used when melting steel for castings 


produced in green sand molds? 

Why must the ladle be thoroughly preheated before the furnace is 
tapped? 

What should you do when you do not understand instructions that 
have been given, or the procedure that is to be followed? 


What is considered “best practice” in filling a ladle? Why? 
What positions usually make up the “pouring team” in the 
foundry? 

What is the purpose of mold manipulation? 


sandblasted? 
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CHAPTER 11 


HEAT TREATING 
WHY HEAT-TREAT A CASTING? 


The production of sound, serviceable castings 1s your pri- 
mary aim inthe foundry. To attain this end you must con- 
sider, provide for, and control many factors. As you know, 
even though the best designing, molding, melting, and pour- 
ing techniques are applied, a casting is nearly always less 
satisfactory from the standpoint of internal structure than an 
ingot. Almost invariably, a casting has cross-sectional areas 
having different thicknesses. Because thick sections solidify 
differently than thin sections, the internal grain structure of 
the casting is not uniform. This, in turn, causes internal 
stresses which affect the physical properties possessed by the 
casting. 

Frequently, the in-service conditions which the casting will 
meet are such that as-cast castings are satisfactory. But for 
critical applications, or where the casting’s dimensions can- 
not change while in use (the requirement of dimensional 
stability), the stresses that are present must be relieved. 
Further, steel castings solidify with a coarse, nonuniform 
grain structure. To develop the desired properties in steel 
castings, they must be treated to refine their grain structure 
as well as to relieve solidification stresses. How is this done? 
Whether the purpose is to develop properties or to relieve 
stresses, the process used is one that comes under the general 
heading of “heat treating.” 

Normally, the equipment necessary to carry on heat-treat- 
ing operations is installed in the blacksmith shop, seldom 
in the foundry. Under this system, castings requiring heat 
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treatment are sent to the Metalsmiths, who carry out what- 
ever procedures the Molder specifies. But, before you can 
tell the heat treater what you want done, you have to know 
what to do yourself. In fact the occasion may arise when 
you will have to do the heat treating yourself. Furthermore, 
one of the examination subjects in your qualifications (No. 
213) requires you to have a knowledge of heat treating. 


PRINCIPLES OF HEAT TREATMENT 


Heat treating is a process with which you can alter or 
develop the physical properties of metals and alloys. It 
involves the accurate control of the heating and cooling of 
a metal while it is in the solid state. We heat-treat a metal 
to make it more useful for a particular job, or to put it in 
a condition which will make a following operation easier. 
For example, a knife is heat-treated to produce an edge which 
will retain its sharpness. A forging is often heat-treated 
to facilitate the machining operation. And a casting may 
be treated to give it properties other than those it possesses 
in the as-cast condition. | 

Heat treating consists of heating a metal in a furnace 
to some specified temperature, holding it at that temperature 
for a certain length of time, and then cooling it in a prede- 
termined manner. Heat treating isn’t a hit-or-miss proce- 
dure. Each step must be carefully controlled. To be a 
successful heat-treater you must know metals, their prop- 
erties, and the specific form of heat treatment that will put 
each metal in a condition to do the job intended. 


Critical or Transformation Temperatures 


In any heat-treating operation, you must positively iden- 
tify the metal to be treated and you must know how that 
metal reacts to changes in temperature. From the discussion 
in Chapter 9, you know that temperature variations are re- 
sponsible for phase changes in metals. In heat treating, cer- 
tain phase changes also take place. 
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These changes occur when a metal is heated to, or is cooled 
from, a high temperature. The points at which changes 
in structure or physical properties occur are of primary im- 
portance. Some of these changes are: a loss of magnetism, 
a change in electrical properties, or a sudden change in 
strength or plasticity. The most important change, how- 
ever, and the one that makes heat treatment possible, is the 
transformation or rearrangement of the atoms from one type 
of internal structure to another. These TRANSFORMATION 
POINTS OF RANGES Were discussed in Chapter 9. Molders are 
not expected to determine transformation points; but to be 
a competent heat-treater, you must KNow the transforma- 
tion point of the metal you intend to treat. 

The transformation points of metals being heated are 
slightly higher than those of the same metals being cooled. 
This difference is due to a hesitancy on the part of the atoms 
to change from one structure to another during the heating 
or cooling. In hardening operations you take advantage 
of this lag. While the atoms are “making up their minds” 
you can hurry the metal through the transformation range 
by quenching it in a cooling medium and “trapping” the 
structure before the atoms have a chance to rearrange 
themselves, 

When conditions are ideal, it is possible for you to see an 
external change of color brightness when the internal atomic 
arrangement occurs. This change ìs an increase or decrease 
in the brightness of the metal in relation to the appearance 
of the furnace heating chamber. For example, when you 
heat a metal in such a way that the rate of temperature in- 
crease is constant, the metal’s external color brightness di- 
minishes slightly while the internal rearrangement of struc- 
ture is in progress. The metal decreases in brightness be- 
cause additional heat is suddenly absorbed by the metal 
during the transformation. The point at which this de- 
crease occurs is called DECALESCENCE. 

Another external change is known as RECALESCENCE. You 
can see this change when the metal’s cooling rate is slow and 
constant through the transformation range. At this point 
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on cooling, heat is thrown off during the internal transfor- 
mation. This causes the metal to become brighter than the 
furnace heating chamber. 

The addition of varying amounts of elements to an alloy 
affects the transformation point. Not only does the presence 
of an alloying element affect an alloy’s reaction to tem- 
perature, but the amount of alloying element present may 
have a marked effect on the location of transformation 
points. In some cases, the addition of a small percentage of 
an alloying element has little or no effect on transformation 
points; but, when larger percentages of the same element 
are present, these points are often altered considerably. In 
steel, for example, small amounts of manganese do not 
change the transformation point, but, when a percentage 
greater than 0.50 is added, the upper critical point for 
heating is slightly lowered. Other elements which lower 
the transformation point of steel are silicon and nickel. Ele- 
ments which raise the transformation point are cobalt, molyb- 
denum, tungsten, and aluminum. 


Heating and Its Effect 


The manner in which you heat a metal has an important 
relationship to heat treating. If you do not exercise the 
proper control, more harm than good may result from heat- 
ing. For example, when heat is applied in a nonuniform 
manner, undue stress is developed within the metal. This 
stress may cause the metal to warp or crack. 

If ferrous metals are overheated, scaling and decarburiza- 
tion of the surface results. Sca.tnc is identical to rusting 
except that the process is greatly accelerated at high tem- 
peratures. Scaling is due to oxidation. If you control the 
furnace atmosphere properly, excessive oxygen is excluded 
and scaling is eliminated. 

Internal GRAIN GROWTH is another result of heating. There 
is no outward sign by which you can identify an enlarged 
internal grain structure. Nevertheless, when excessive grain 
growth occurs, the material is weakened. If you could see 
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the inside of an 0.83 percent carbon steel, you would observe 
that the grain size is smallest at 1300° F. The higher steel is 
heated beyond this point, the larger the grain becomes. All 
other things being equal, the strength and ductility of your 
material will decrease as the grain size becomes larger. 





Figure 11—1.—Grain growth resulting from heat. 


You can see the effect of heat on grain growth in figure 
11-1. The specimens for this illustration were taken from 
a bar of 0.83 percent carbon steel which had been heated in 
such a manner that the bar attained varying degrees of tem- 
perature (from 1300° F. at the cooler end to 2372° F. at the 
hotter end). After cooling, the bar was fractured at 1-inch 
intervals to produce the specimens shown. Excessive grain 
growth is apparent in the specimens shown on the left of the 
illustration. These specimens were overheated. The finest 
grain structure is that represented by the second specimen on 
the right of the illustration. This specimen was heated toa 
point within the transformation range. 

Not only does heat have an effect on the internal structure 
of a metal, it also causes certain changes to occur on its sur- 
face. Normally, you won’t be able to see the internal results 
of heating, but you can see the external effects. We have 
already discussed three exterior results of heating—recales- 
cence, decalescence, and decarburization. Another effect is 
the surface color. These color changes are due to the forma- 
tion of oxides on the surface of the metal. 

If you use temper colors as means of determining tempera- 
ture of steel, you’ll have to remember that the color you see 
will indicate the correct temperature only when the surface 
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has been cleaned and polished. If scale, grease, or other 
foreign matter is present, the color will not indicate the true 
temperature. When the steel’s surface is clean, and its tem- 
perature is gradually and uniformly increased, you can fol- 
low the color changes as they run from a faint straw at 
380° F. to a washed out pale blue at 700° F. 

Determining temperature by heat and temper colors is an 
emergency method. As a general rule, the shops in which 
your heat treating 1s performed will be equipped with mod- 
ern temperature-control devices or optical pyrometers simi- 
lar to those discussed in Chapter 3. 


Holding or Soaking 


An important step in heat treating, and one which is often 
overlooked, is the holding or soaking time. From a previous 
discussion you know that the development of desirable prop- 
erties through heat treating is possible because of the internal 
rearrangement which occurs at the transformation point of a 
metal. The transformation will not be complete, however, 
unless you allow sufficient time for the metal to soak at the 
proper temperature. A holding or soaking allowance of one 
hour is usually made for each inch of cross-sectional thick- 
ness. This allowance permits a complete transformation of 
internal structure. Hold time starts when the material 
reaches the desired heat-treating temperature. 


Cooling in Heat Treatment 


After a metal has been heated to a predetermined tem- 
perature and then soaked for the required length of time, 
the third step of heat treating follows. This step is cooLING. 
The first two steps in the heat treatment of all metals are 
similar, but the third step may vary from rapid to very slow 
cooling. 

The cooling rate (speed of heat withdrawal) depends 
upon the metal involved and the properties to be developed. 
For example, if you want to make a 0.43 percent carbon steel 
extremely hard, it is cooled in the most rapid manner possible. 
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On the other hand, if this steel is to possess softness, it is 
cooled slowly and uniformly. Sometimes the metal is sealed 
in the furnace or it may be removed from the furnace and 
buried in slacked lime, asbestos, or similar material. On 
other occasions it is removed from the furnace and permitted 
to cool in still air. Your time element for cooling, then, may 
vary from a few seconds to 36 hours, depending on the heat- 
treating process being applied. 

As a general rule, rapid cooling induces hardness and slow 
cooling produces softness. This rule does not hold true for 
all metals. No amount of heating and rapid cooling will 
make copper hard. Neither does the cooling method appre- 
ciably affect copper’s ductility. It becomes hard only after 
it is hammered, rolled, or otherwise worked. 


Quenching 


Water is often used as a quenching medium for cooling 
metals rapidly. It is not the ideal medium because a large 
amount of gaseous bubbles form when a hot material is sud- 
denly plunged into it. These gaseous bubbles cling to the 
surface of the metal and retard cooling. This in turn pro- 
duces soft spots which weaken the metal. When you use a 
water quench, move the metal continuously. This is neces- 
sary to eliminate, as much as possible, the formation of gas 
bubbles around the metal. 

The most satisfactory water quench is BRINE. You can 
make this quenching medium by dissolving salt in fresh 
water. Add salt until a solution with a 5 to 10 percent salin- 
ity content is obtained. The salt prevents the formation of 
gaseous bubbles and enables the brine to “take hold” and 
“wet”? the hot metal all over immediately. This wetting 
causes the cooling to proceed uniformly. Brine also “throws 
scale” better than fresh water. As a result, a tool quenched 
in brine is cleaner than one quenched in water. 

Om has a slower cooling rate than water or brine and has 
a more gentle action. These characteristics make its use an 
advantage when quenching steel. Oil greatly reduces the 
tendency of steel to warp or crack when quenched. When 
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an oll quench develops the required properties, its use is most 
satisfactory. 

Not just any oil can be used as a quenching medium. Your 
quenching oil must have a flash point of 350° F. or higher. 
This is necessary to avoid the risk of fire. The oil must have 
a low viscosity so that good circulation is obtained around 
the part being quenched. A low viscosity also makes it easy 
for the oil to drain from the part after it is removed from 
the quenching tank. Further, the quenching oil must have 
a constant composition; that is, it must not break down dur- 
ing quenching. Finally, to be effective, the oil must be kept 
within a temperature range of 140° F. to 160° F. 





FRESH WATER SALT WATER OIL 


Figure 11—2.—Action of quenching media. 


The action of the common quenching media is illustrated 
in figure 11-2. Both the quenching medium and the shape 
of the quench tank depend largely on the nature of the work 
to be cooled. It is important that the amount of liquid in 
the bath be sufficient to cool the metal without raising the 
temperature of the quenching medium. This is especially 
important when you quench a number of parts in rapid 
succession. 
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Quenching always develops harmful stresses and strains 
in steel, particularly when the design of the part is such that 
one section has a larger diameter than another. Excessive 
stresses may cause the part to warp or crack. You can mini- 
mize this danger by doing the following: 


1. Dip the article to be quenched quickly into the bath. 
(Never throw it in or allow it to lie on the bottom of 
the tank, for such a practice causes uneven cooling.) 

2. Keep the part moving, particularly if the bath is not 
agitated by some mechanical device. (A vapor which 
retards cooling will form around the part if it is not 
in motion. Constant movement allows the bath to con- 
vey the heat to the atmosphere.) 

3. Quench heavy sections first, and in such manner that 
all portions are cooled as uniformly as possible. 


Quenching baths in large, well-equipped heat-treating 
shops are so constructed that fluid movement and a constant 
temperature are at all times assured. Quenching facilities 
aboard ship, however, will not be so elaborate. Here, the 
bath temperature is maintained by the best means available. 
For example, if the bath is too cool, you can warm it by 
passing hot pieces of scrap metal through the bath until the 
proper temperature is obtained. 


FORMS OF HEAT TREATMENT 


The heat-treating operations usually performed in the 
Navy are annealing, normalizing, hardening, tempering, 
stress relieving, and case hardening. The particular treating 
process you use is determined by the composition of the metal 
and the physical property desired. Some processes not only 
cause changes in physical properties of a metal, they also 
alter its surface composition. When there is no change in the 
surface composition, the heat-treating operation involves 
only heating and cooling in which the factors of T™e and 
TEMPERATURE are most important. An operation of this kind 
is a true heat-treating process. 
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Where there is a change in surface composition (this 
occurs in a case-hardening procedure), the element sur- 
rounding the metal during heating, or during heating and 
cooling, is equally as important as time and temperature. 
The factors of time and temperature, plus the surrounding 
element in a case-hardening procedure, must be definitely 
fixed in advance for the composition of the metal and the heat 
treatment involved. Since the Molder does no case harden- 
ing, in this chapter we are concerned only with the true heat- 
treating processes. 


Annealing 


Annealing is one of the most common heat-treating 
methods you will apply. It is a process through which 
stresses are relieved, softness and ductility induced, or 
grain structure improved. Through annealing you can also 
alter such physical properties of ferrous metals as magnetism 
or electrical conductivity. ‘ 

If suitable heat-treating equipment is available, anneal- 
ing can be done with ease and accuracy. Here is all you 
have to do: Set the oven temperature controls from 50° to 
75° F. higher than the metal’s transformation temperature. 
Then, slowly heat the material, hold or soak it for a suffi- 
cient time to assure a uniform heat throughout the metal, 
cut off the heat, and allow the metal to cool slowly with the 
furnace. This procedure, frequently called a full anneal, 
will produce within a metal its greatest ductility and 
softness. 

Quite often it is impractical to have the furnace “tied up” 
for the required full annealing time (24 to 36 hours). In 
this event, the metal is removed from the furnace after suf- 
ficient soaking and is buried in an annealing box filled with 
dry asbestos or slacked lime. Be careful to avoid drafts 
when the piece is transferred from the furnace to the box. 
Be sure that the part is completely covered with lime or 
asbestos. This cooling procedure will require from 16 to 
24 hours, depending upon the size of the part. 
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Unless the annealing furnace is equipped with an 
atmosphere-control device, you may have trouble with de- 
carburization or surface burning when annealing steel. 
Scaling or decarburization can be avoided during annealing 
by packing the steel in a PACK-ANNEALING box. In this 
method you pack the part to be treated in a steel box, com- 
pletely surround it with cast-iron chips, and seal the lid with 
fire clay. You next place the box in the furnace, and heat, 
hold, and furnace cool as previously described. Pack an- 
nealing is used when scaling and decarburization must be 
_ eliminated, or when a clean surface finish is important. 

Elaborate heat-treating equipment is not essential to pro- 
duce good anneals. But, when the operation is performed 
in forges or with heating torches, you’ll have to exert a great 
deal of caution in heating and holding. Ona furnace you set 
the controller and it insures the correct temperature. Witha 
forge or a torch, you are the controller. As the controller, 
be especially careful to: 


1. Avoid overheating as this will cause increased grain 
size. There is also danger of burning the metal and de- 
carburizing the surface. 

2. Have everything ready to make the transfer from the 
forge to the annealing box. 

3. Make the transfer as quickly as possible, avoiding drafts 
which cause uneven cooling. 


Normalizing 


Normalizing is a heat-treating operation similar to anneal- 
ing, but it is applied only to iron-base alloys. The process 
consists of heating to a point Just above the transformation 
range, holding at that temperature for a sufficient time to in- 
sure a uniform heat throughout the alloy, and then cooling 
normally in still air. The purpose of the normalizing treat- 
ment is to refine the internal grain structure. 

There is always danger of scaling and decarburization 
when steel and other ferrous alloys are heated. This is espe- 
clally true when normalizing, since the material is cooled in 
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air and is at that time in intimate contact with oxygen. Ex- 
cessive and harmful scaling during the normalizing proce- 
dure is avoided by heating and holding the metal in a neutral 
or slightly carburizing furnace atmosphere. When molyb- 
denum is an element in the alloy, the material has a greater 
tendency to decarburize. 





Figure 1 1—3.—Decarburized surface of overheated steel. 


Just what is decarburization? The term is used to describe 
the condition of an alloy containing carbon that has had a 
portion of its carbon content burned out of the surface. 
Look at figure 11-8. It is an enlarged microscopic cross-sec- 
tional view of the surface of an overheated piece of steel. 
In this illustration, the light-colored left edge shows the 
decarburized area. The occurrence of decarburization is not 
confined to the normalizing operation. It can and does occur 
in any operation in which the metal is heated to or above the 
transformation point in the presence of oxygen. 


Hardening and Tempering 


Metals and alloys are hardened in several ways. Copper 
hardens by rolling and working, while some alummum alloys 
harden by precipitation (aging). But steels require a spe- 
cial heating and cooling process. The rapid cooling usually 
necessary to produce hardness in steel develops harmful 
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stresses within the metal. These stresses are relieved by a 
reheat treatment known as tempering or stress relief. Al- 
though hardening and tempering are separate steps in the 
heat treatment of a tool steel, the value of each procedure 
depends upon the other. 

To produce hardness in steel you must heat it to a point 
50° F. to 100° F. above the transformation point and then 
cool it rapidly. There are a few exceptions to rapid cooling 
for hardening. Except for a few special alloys (high-speed 
tool steels) which are known as air-hardening steels, all 
steels must be quenched in water, brine, or oil to produce 
hardness. The hardening treatment gives the steel a fine 
grain structure, extreme hardness, and greater tensile 
strength. Toughness and ductility, however, are lost and the 
steel possesses excessive brittleness. 





Figure 11—4.—Microscopic comparison of (A) unhardened 0.43 percent carbon 
steel, and (B) hardened 0.43 percent carbon steel. 


You may recall, from the previous discussion on transfor- 
mation ranges, that the atoms of ferrous metals hesitate 
briefly before they rearrange themselves from the structure 
found above the critical to the usual structure below the 
critical range. This hesitancy on the part of the atoms 
enables you to trap the desired fine grain and structural 
arrangement by rapidly cooling the steel through the trans- 
formation range while the atoms are trying to decide whether 
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or not they should make the change. Since the temperature 
at which a transformation or structural rearrangement can 
be effected has passed, the atomic structure necessary for 
hardness is present in the quenched steel. 

If you could see the internal structure of a piece of 0.43 
percent carbon steel as it is when received by the supply 
department, it would look like the photomicrograph at (A) 
in figure 11-4. When the same metal has been heated to the 
transformation range and rapidly cooled in a quenching 
medium, the needle-like structure shown at (B) in figure 
11-4 is developed. The steel is soft and ductile when the 
structure is in the condition shown at (A); and is hard and 
brittle when the structure is in the condition shown at (B). 

To harden steel successfully, you must: 


1. Control the rate and uniformity of heating. 
2. Control furnace atmosphere. 
3. Use a suitable quenching medium. 


The rate and uniformity of heating must be such that the 
tool will not crack or warp during the heating procedure. 
For most operations, a slow and uniform heating rate is 
usually best. The furnace atmosphere must eliminate de- 
carburization and scaling, and a quenching medium suitable 
for cooling the steel being treated must be selected. 

TEMPERING, also called prawne, is the process generally 
applied to steel to relieve the stresses brought about by hard- 
ening. At times, though, it is also used after normalizing. 
Tempering is done by reheating the hardened steel to a tem- 
perature BELOW the transformation range, holding at this 
temperature for a time sufficient to completely penetrate the 
piece, and then cooling in water, oil, air, or in the furnace. 
It’s true in tempering, as in all heat-treating processes, that 
certain properties are gained at the expense of others. For 
example, in tempering, ductility and toughness are improved, 
but at the expense of some tensile strength and hardness. 

When tempering steels, the reheat temperature is deter- 
mined by the degree of hardness and toughness desired. The 
tempering range is from 400° F. to a point just below the 
critical point (about 1000° F.). Tools with cutting edges 
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are not tempered above 650° F. because hardness required 
for penetration is lost when a hardened steel is heated beyond 
this temperature. However, a steel’s toughness and shock 
resistance improves as it is reheated beyond 650° F. When 
you use reheat temperatures beyond 650° F. the operation 
is frequently called TOUGHENING. 


Stress-Relief Annealing 


STRESS RELIEVING is a heat-treating procedure similar to 
annealing and normalizing. Uniform heating is essential 
but the temperature to which the part is raised is not as high 
as that required for annealing and normalizing. The pur- 
pose of stress relieving, as the name of the process implies, 
is to relieve stresses developed in metals during mechanical 
working or during solidification in a mold. Castings having 
nonuniform sectional thicknesses are particularly affected 
by “locked-up” stresses. Castings and other metal parts 
‘that must accurately maintain their dimensions in service 
should be stress-relieved. 

Stress relieving is accomplished by heating a part slowly 
and uniformly in a furnace to a temperature well below the 
metal’s transformation point, holding it at the required tem- 
perature for 1 hour per inch of thickness of the heaviest 
section, and cooling slowly in the furnace. This treatment 
has little or no effect on the casting’s strength and hardness, 
but does improve its resistance to shock. 


HEAT-TREATING EQUIPMENT 


Equipment needed for heat treating consists of a suitable 
unit for bringing the metal to the required temperature, at- 
mospheric-control and temperature-measuring devices, and 
a quenching medium. The method of temperature and at- 
mospheric control will greatly influence the results obtained 
through heat treating. The more rigid the control the more 
satisfactory your work will be. 

Modern shipboard heat-treating shops are usually 
equipped with two ELECTRICALLY HEATED AIR FURNACES. One 
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of these ovens is a preheat or annealing furnace and the other 
is a high-temperature hardening furnace. Both furnaces 
are equipped with temperature-regulating and atmospheric- 
control devices. In addition, the high-temperature furnace 
is equipped with rheostats so that the normal rate of 500° F. 
increase per hour can be stepped up to the fast temperature 
increase rate which is necessary for high-speed, tool steel 
hardening. 

The heat-treating furnace shown in figure 11-5 is typical 
of the equipment used by shipboard heat-treaters. This 
type of furnace has an advantage over oil-fired furnaces in 
that it is quiet, clean, and easily controlled. The heating 
element of an electric furnace is either a metal or carbon- 
resistor type. Metal resistors are used where the tempera- 
ture doesn’t go over 2000° F.; carbon resistors are used for 
higher temperatures. 

Automatic temperature-control equipment for electric 
furnaces includes either an indicating or recording con- 
troller, a thermocouple, and an automatic switch. The tem- 
perature-indicating device is an instrument which not only 
shows the temperature of the furnace heating chamber, but 
also controls the operation of an automatic switch. This 
switch turns the electric current on and off as necessary to 
maintain the furnace temperature for which the control de- 
vice has been set. Indicating or recording instruments and 
automatic switches would be valueless if some means for 
accurate temperature measurements were not available. 


Atmospheric Control 


With few exceptions, the air furnaces installed aboard 
present-day repair ships and other vessels equipped for 
heat treating have provisions for atmospheric control. A 
cross-sectional view of a controlled atmosphere furnace is 
shown in figure 11-6. 

The furnace itself is shown in figure 11-5. Notice the 
hose leading to the bottom-center portion of the furnace and 
the atmospheric-control fittings on the left. When the fur- 
nace is in operation, and the atmospheric-control unit 1s in 
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Figure 11—5.—Controlled atmosphere furnace. 


use, fuel gas from a compressed acetylene cylinder passes 
through the control valves and leader hose to the furnace 
precombustion chamber. From this chamber the gas passes 
through a slot and into the heating chamber. Here the gas 
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ignites, filling the chamber with a slight excess of fuel gas. 
The amount of excess can be controlled by regulating the at- 
mospheric-control valves. The furnace atmosphere is deter- 
mined by reading the manometer gage installed on the upper 
left-hand side of the furnace (see figure 11-5). 


| yen 
RR N Ann j ` 
aN 


At AN 


NAAN 
[WY 














































J 
Ox) A 





—— MANNA NN CE —P—  — sÍ 


TOL U 


ok 


H T REFRACTORY 
INSULATION LINING 





























GAS INLET 


















| Figure 11~6.—-Cross-sectional view of controlled atmosphere furnace. 


The main purpose of atmospheric control is to keep the 
heated metal from oxidizing. Either a neutral or slightly 
reducing atmosphere will serve this purpose. In some in- 
stances, however, a heavy carburizing or reducing 
atmosphere is necessary. This is especially true when car- 
bon-moly and high-speed tool-steel alloys are treated. In 
some heat-treating shops a desirable atmosphere for these 
steels can be obtained by pumping an inert gas, such as 
helium, into the furnace heating chamber. Helium permits 
no oxidation or similar chemical action at any temperature. 
However, repair ships and advanced bases are not equipped 
for using helium. 

If a manometer is not installed on the furnace, or if it is 
not functioning properly, the atmosphere in the heating 
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chamber can be determined by observing the smoke, flame. 
and the burning of a small 34-inch cube of wood (see figure 
11-7). The character of the burning cube changes from that 
of charring in a reducing or carburizing atmosphere to that 
of rapid burning as the oxygen in the atmosphere increases. 
' In oil-burning furnaces the atmosphere can be changed from 
oxidizing to slightly reducing by increasing the ratio of fuel 





Figure 11—7.——Burning a wood cube to determine furnace atmosphere. 
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to air through burner valve adjustments. In electric fur- 
naces, atmosphere is changed by adjusting the atmospheric- 
control valves. 


HEAT-TREATING CASTINGS 


With the exception of cast steel and, in some instances, cast 
iron, you'll do very little heat treating (other than stress re- 
lieving) to the castings produced by advanced base and repair 
ship foundries. However, whenever you produce a steel 
casting, it will require heat treating. 

STEEL, in the as-cast condition, has a coarse, nonuniform 
grain structure. If you place in service a casting in this con- 
dition, it may fail due to excessive brittleness. To overcome 
this defect of as-cast steel, you’ll have to heat-treat the cast- 
ing to produce the uniform internal structure necessary for 
strength and toughness. 

Two heat-treating processes are frequently used to develop 
the properties desired in a steel casting. One treatment is 
annealing. The other is normalizing followed by tempering, 
You should be familiar with both procedures. 

For either of these procedures, the furnace temperature 
must not exceed 500° F. when the part is placed in the fur- 
nace. The rate of temperature increase should be relatively 
slow (not more than 500° F. per hour) to assure uniform 
heating throughout the casting. By following these general 
heating rules you can prevent the casting from warping. 

To anneal a steel casting successfully you must : 

1. Place the casting in a furnace, the temperature of which 

does not exceed 500° F. 

2. Heat the casting uniformly to a temperature of 1600° F. 

3. Hold that temperature for one hour for each inch of 

greatest cross-sectional thickness or fraction thereof. 

4. Cool the casting slowly in the furnace to 500° F. (1000° 

F. for small castings such as pipe fittings, or of castings 
in which dimensional stability is of little importance). 

5. Remove the casting from the furnace and cool to room 

temperature in still air. 
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To normalize a steel casting follow the procedure outlined 
in the first three of these annealing steps. After the proper 
hold time, the casting is removed from the furnace and cooled 
through the transformation range in still air. Tempering 
must follow the normalizing treatment. 

The tempering operation is accomplished by heating the 
normalized casting to a temperature of 1100° to 1250° F. 
and holding it at that temperature for a period of not less 
than one hour for each inch of cross-sectional thickness. 
After the proper hold time, the casting is slowly cooled to 
. 750° F. in the furnace. The rate of cooling may then be in- 
creased if desired. When the temperature of the casting has 
fallen to 500° F., it may be removed from the furnace and 
cooled in still air. 

Frequently, steel castings are subjected to cold straight- 
ening, welding, or similar operations after they have been 
heat-treated. These procedures develop stresses within the 
castings that must be relieved. The stress-relieving pro- 
cedure for steel castings which have been subjected to the 
above work is exactly the same as that described for temper- 
ing a normalized casting. | 

GRAY IRON castings also have internal stresses when they 
are removed from the mold. Although annealing at a tem- 
perature from 1200° to 1400° F. is sometimes employed, the 
more usual practice is to stress-relief-anneal or “age” gray 
iron casting. Annealing is seldom employed because the 
higher temperatures involved may cause softness and may 
reduce strength. f 

A common industrial practice for relieving stresses in 
iron castings is aging or seasoning. This procedure consists 
of storing the castings outdoors for several months. Changes 
in weather and temperature during this period cause the 
casting to expand and contract, thus giving the effect of a 
mild form of heat treatment. It takes about six months of 
such treatment to completely relieve casting strains. 

This procedure is impracticable in the Navy. But more 
than that, you can obtain the same results in a much shorter 
time by heat treating. Aging or stress-relief-annealing 
through heat treatment is accomplished by heating the cast- 
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ing slowly and uniformly to a temperature between 800° and 
950° F., holding at that temperature for one hour for each 
inch of cross-sectional thickness, followed by slow cooling 
in the furnace. When considerable machining is to be done- 
on the casting, the heat-treating procedure is delayed until 
the part has been rough-machined. 

Other heat-treating processes are also used to develop the 
properties of certain grades of cast iron. For example, one 
high-test cast iron is heated to 1550° F. and quenched in oil 
to increase hardness. These castings are then reheated 
(tempered) at between 500° F. and 900° F. to reduce brittle- 
ness. Another treatment is malleableizing, in which a cer- 
tain grade of hard white iron is converted to a black heart 
malleable iron. Asa Molder 3 or 2, you won’t be concerned 
with either of these heat-treating processes. 

The physical properties of the bronze and aluminum cast- 
ings you produce are only slightly altered by heat treatment. 
They do, however, have internal stresses when removed 
from the mold. If dimensional stability is an in-service 
requirement, these castings should be stress-relieved. 
Bronze is stress-relieved by heating it for several hours at a 
temperature beween 700° F. and 800° F. Class 2 aluminum 
casting stresses may be relieved by heating to a temperature 
between 600° F. and 800° F. for one hour. When treating 
aluminum castings they must be well-supported to prevent 
sagging. 

Before you start any heat-treating process, be sure that 
you know what you are going to do, how you are going to do 
it, and why. Temperature-control is not the only factor you 
must consider. However, the use of temperature-measuring 
clevices is mandatory if your results are to be consistently 
satisfactory. When you charge a number of castings into 
the furnace, place them in such a way that small castings 
are shielded from the furnace heat by large castings. Do not 
pack them tightly and, if possible, place them an inch or so 
off the furnace floor so that the hot gases will have free 
circulation. Other points that you must bear in mind are 
furnace atmosphere, hold time, and the method of cooling. 
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QUIZ 


Why must steel castings be heat-treated? 


. What does heat treating involve? 


Why is the transformation point of a metal slightly higher during 
heating than during cooling? 
What is recalescence? What is its external effect? 


. Why must sufficient bold time be allowed? 


In general, what is the effect of slow cooling in heat treatment? 


At what temperature must oil be maintained if it is to Serve as 
an effective quenching medium? 


. What are the common forms of heat treatment? 

. What is decarburization? 

. What is the purpose of furnace atmospheric control? 

. What is the maximum allowable furnace temperature when a 


casting is placed in the furnace? 


What is the difference in procedure between annealing and nor- 
malizing a steel casting? 


Why is gray cast iron seldom annealed? 
When are bronze and aluminum castings heat-treated? 
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CHAPTER 12 
THE RIGHT WAY 
MORE THAN ONE WAY 


Satisfactory castings—the aim and end product of the 
foundry—may be produced in more than one way. One 
experienced Molder may construct his mold quite differently 
from the way another equally experienced Molder makes his, 
and yet, both Molders may produce sound, satisfactory cast- 
ings. Just as there are may ways to skin the proverbial cat, 
so are there many ways to produce a casting. But whatever 
method you select, remember, it must be based on sound 
principles. | 

In this book we have discussed the basic principlesand some 
of the better practices used by modern foundrymen. Re- 
search and experience have proved these principles and 
practicestobesound. If you apply them to your daily work, 
your molding methods and casting procedures will produce 
sound castings. In short, apply what you have learned and 
your methods will be right. 


THE SAFE WAY 


Just as important, if not more important than doing a job 
the right way, is doing it the safe way. In any workshop, 
and particularly in the foundry, personal caution is the best 
safety device. To help you do your job in a safe manner, and 
to help you avoid personal injury to yourself or to your shop- 
mates, your Navy provides protective clothing—shoes, leg- 
gings, goggles, and gloves. These items are designed to 
provide you with the maximum personal protection from 
burns, crushes, cuts, and eye injuries. They cannot give 
you that protection, however, unless you use them on the job, 
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not just. now and then, but each and every time their use is 
appropriate. 

In addition to using the protective clothing furnished by 
the Navy, wear your own work clothes properly. Keep your 
shirt tail tucked in at alltimes. And during the pouring pro- 
cedure, keep your sleeves rolled down. Avoid wearing 
tattered, torn, or loose-fitting dungarees. Loose, floppy 
clothing is a safety hazard in any shop. Torn clothing does 
not afford complete protection from sparks or globules of 
hot metal. Acquire the habit of neatness in personal appear- 
ance. It will reflect itself in your work habits and the safe 
performance of your job. 

All pieces of shop equipment with which you work have 
specified safe operating procedures. They are also provided 
where possible with guards and other safety devices. Danger 
areas have warning signs which are frequently painted in a 
distinctive manner. | | 

There are, however, two special dangers involving equip- 
ment that you should watch out for. First, look at the hoists 
in your foundry. Has molten metal been used in any of them 
to seat a wire rope in a socket? This is a very common prac- 
tice, but in a foundry it is dangerous. When you hoist a ladle 
full of molten metal, the heat may melt the metal in the 
socket. Your ladle of molten metal will then drop to the 
floor, and you and everyone near by will be badly burned. 
If you find any hoist rope secured in a socket only by metal 
solidified around it, notify your chief or leading first class 
IMMEDIATELY. He will see to it that a safe mechanical hold- 
ing device is installed without delay. 

Now look at your foundry ladles. Are any of them tilted 
by a gear mechanism? Unfortunately, some such ladles are 
manufactured in which there are only two gears. The result 
is that the wheel you turn to tilt the ladle MOVES IN THE 
OPPOSITE DIRECTION FROM THE TILT. Suppose you are stand- 
ing on the wheel side of such a ladle, facing the wheel. From 
your point of view, tilting the ladle to pour metal means the 
ladle turns clockwise. But to achieve this, you must turn the 
wheel counterclockwise. This is unnatural, and you are 
hikely to make a mistake and turn the wheel in the wrong 
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direction. You might, for instance, tilt the ladle further 
when you want to bring it back to the level position; and 
molten metal might splash and burn someone as a result. 

Other geared ladles have an idler gear, so that the wheel 
and the tilt move in the same direction. But you need to 
know that the two-gear kind of geared ladle exists; and you 
need to be sure you know which kind you are using. If you 
must use a two-gear ladle, be especially careful to turn the 
wheel in the proper direction to achieve the results you want. 
Remember that the machine you’re operating can fool you. 
You must be on the alert every minute. 

It is your responsibility to observe the safety rules posted 
in your shop. Don’t remove machinery guards, or operate 
equipment without safety devices. Pay strict attention to 
warning signs and danger areas. If you are not sure about 
the operating procedure, or whether a piece of equipment is 
safe to use, check with the chief or leading first class, he’ll 
show you how and give you the word. 


SAFETY WITH BOTTLED GAS 


You will not use bottled gases as frequently as some of 
the men having other ratings in the repair department. 
Nevertheless, on occasions when you do they must be used ` 
safely. The safe and proper use of gases, like other materials 
used by the Molder, requires that you have the ability to 
identify gases and possess knowledge of their use. 

Many industrial gases are used in the Navy, but oxygen 
and acetylene are the two you'll use in the foundry most 
frequently. Your contact with the other gases will probably 
be as a member of a store’s working party. To help you 
distinguish the contents of one cylinder from another the 
Navy has issued standard instructions for marking cylinders. 
The standard cylinder colors presently in use are illustrated 
in figure 12-1. Study the illustration until you know the 
bottled gas identification markings as well as you know your 
name. 

In addition to a distinctive color marking, the name of the 
gas which it contains is stenciled lengthwise on two sides 
of the bottle. These stencils are located on opposite sides. 
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A third identification mark is located in two places on 
the shoulder of the cylinder. This marking is known as a 
decalcomania—a “decal.” The name of the gas and the pre- 
cautions for its use are printed on the decal. 

When high-pressure gases are issued to ships or activities 
outside the continental limits of the United States, only Nox- 
SHATTERABLE cylinders may be supplied. Some of the high- 
pressure gases are oxygen, hydrogen, nitrogen, Freon, and 
compressed air. Non-shatterable cylinders are marked in 
two locations with the phrase “Non-Shat” on opposite sides 
of the bottle, 90 degrees from the identifying title. Low- 
pressure—liquefied or dissolved—gases do not require non- 
shatterable cylinders. Acetylene, aerosol, ammonia, chlo- 
rine, Freon 12, ethyl-chloride, sulfur-dioxide, and propane 
are examples of gases that are supplied in low-pressure 
cylinders. 

In general, you must avoid rough handling, dropping, or 
violently striking cylinders against each other or against 
objects. Never drag or slide cylinders when moving them 
from one location to another. If a special handling truck 
or cart is not available, tilt the cylinder at a slight angle and 
roll it on the bottom edge. Always keep the valve protective 
cap securely in place when the cylinder is being moved or is 
not in use. 

When the contents of a cylinder have been used up, mark 
the bottle “MT” or “empty.” Always stow empty cylinders 
separately from fully charged cylinders. Be sure that mark- 
ings are clear and in accordance with the latest BuShips 
instructions. 

Stowage spaces for cylinders must be away from fire 
hazards, extremely high temperature (over 130° F.), con- 
tinuous dampness, and accumulations of ice and snow. Ade- 
quate ventilation must be provided. On shipboard, bottled 
gases are often stowed on weather decks, in specially con- 
structed stowage racks. Canvas covers are usually provided 
to protect the cylinders from sun, weather, and salt spray. 
You won't provide the bottle-rack cover, but you’re respon- 
sible for replacing it when you remove a cylinder from the 
rack. 
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Cylinders for high-pressure gases are made from a single 
piece of steel. The method of manufacture is known as the 
SEAMLESS DRAWN process. A heated blank of steel is forced 
through a mandrel or die, with a plunger. Several of these 
heating and forming steps are necessary to make the cylinder. 
When the shape of a deep, open-ended vessel of the approxi- 
mate dimensions desired has been formed, it is reheated and 
the bottleneck is formed by a procedure known as swaging. 
The neck opening is then threaded to receive the cylinder 
valve. 

Most gases can be compressed—forced to occupy less 
space—in their free state, but it is not safe to compress FREE 
ACETYLENE to pressures exceeding 15 pounds per square inch 
(p.s.i.). In order to compress acetylene at pressures higher 
than 15 p. s. i., the gas is dissolved in aceronr. When it is 
so dissolved, acetylene is safe at high bottle pressure. 

Cylinders for acetylene differ in construction from all 
other low-pressure gas containers. Acetylene cylinders are 
completely filled with a porous substance resembling a sponge 
with hundreds of minute cells. Asbestos, balsa wood, char- 
coal, cement, and infusorial earth are used to fill the bottle, 
either separately or in various mixtures. After the packing 
and drying-out steps are completed, the air is removed from 
the cells which form in the filler material. These cells are 
then partially filled with acetone. 

When free acetylene is pumped into the cylinder, it is 
split up and dissolved by the acetone in the cellular interior 
of the cylinder. A bottle of acetylene should always be 
placed in an upright position. If the bottle is lying on its 
side, acetone may be drawn off with the acetylene. This is 
a waste of acetone and its presence in the torch flame will 
spoil a welded or brazed joint. When the cylinder is refilled, 
the acetone must be replaced or a dangerous amount of free 
acetylene will be present in the bottle. 

Acetylene cylinders must be refilled at an authorized depot 
where the bottle can be checked to make sure it is in good 
condition and that sufficient acetone is present. The acety- 


lene cylinders you’ll use in general work are 12 inches in ` 


diameter, 4414 inches high, and weigh about 215 pounds 
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when full. “These cylinders contain 225 cubic feet of 
acetylene. 

OxYGEN is a gaseous element, without which lfe—as we 
know it—would be impossible. Oxygen is present every- 
where in one form or another. But it is important to the 
Molder because it supports combustion and makes possible 
the intense heat of the oxyacetylene flame. 

Oxygen cylinders are made in several sizes—22-, 55-, 100-, 
and 200-cubic-feet-capacity cylinders—but the size you'll 
use in the shop is the 914-1inch diameter, 200-cubic-feet- 
capacity bottle. It weighs approximately 145 pounds. 
When filled, the cylinder is at 1800 p. s. i. pressure at a 
temperature of 70° F. Table XI will show you the use and 
precautions for gases used by the Navy. For further in- 
formation on the characteristics of industrial gases, see 
Chapter 23 of the Bureau of Ships Manual. 


TABLE XI.—Common Gases Used by the Navy 


High Pressure Gases 








Gas Container size Use Precautions 
Compressed | 200cu. ft. | General_________- General, safe han- 
Air. cyl. dling. Air under 
pressure is a dan- 
l gerous toy. Al- 
ways use it as a 
tool. 
Carbon Diox- | 151b.cyl. | For recharging fire | General safe han- 
ide. 50 lb. cyl. extinguishers, dling. 
soda fountains, 
etc. 
Carboxide____| 30lb.cyl. | Fumigant___-___- General safe han- 
60 Ib. cyl. dling. 
Hydrogen... 176 cu. ft. | Inflation of lighter- | Highly inflammable. 
cyl. than-air craft; Keep separate 
oxy-hydrogen from oxygen. 
underwater cut- 
ting. 
Helium 200cu.ft. | Deep-sea diving, | General safe han- 
(Breathing). cyl. optical instru- dling. 
ments. 
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TABLE XI.—Common Gases Used by the Navy—Continued . 


High Pressure Gases 





Gas Container size Use Precautions 
Helium 200 cu. ft. | Inflating target | General safe han- 
(Technical). eyl. balloons, heli- dling. 
arc welding. 
Nitrogen______ 184cu.ft. | For optical work__ General safe han- 
cyl. | dling. 
Oxygen 200 cu. ft. | Refilling small avi- | Dangerous fire haz- 
(Breathing). cyl. ator’s breathing ard. Do not store 
eylinders; ship- near combustible 
board welding gases or inflamma- 
and cutting. ble material. Keep 
eylinders, valves, 
regulators, fittings, 
ete., free from oil 
and grease. 
NEVER LUBRI- 
! CATE. 
Oxygen 22 cu. ft. | Welding and cut- | Same as for Oxygen 
(Technical). cyl. ting (shore use). (Breathing). 
55 cu. ft. Back pack cut- 
cyl. ting outfits. 
100cu. ft. Portable emer- 
cyl. gency cutting 
200 cu. ft. outfits. Gen- 
cyl. eral welding and 
cutting. 
Low Pressure Gases 
Acetylene____| 10,40, and | Welding, cutting, | Highly inflammable. 
225 cu. ft. and heating pro- Store cylinders up- 
cyl. cedures. right. Keep valves 
closed. 
Aerosol. - - -- - 1, 2,5, and | Insecticide____-_-- General safe han- 
40 lb. cyl. dling. 
Butane------ 100 lb. cyl. | For laboratories- -| Inflammable, gen- 


| eral safe handling. 
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TABLE XI.—Common Gases Used by the Navy—Continued 





Low Pressure Gases 











Gas Container size | Use 
| 
Ammonia___.| 50and 100 ' For refrigerating 
lb. eyl. ! systems. 
| 
l 
{ 
Chlorine_. __- 30,100,120, | For chlorinating 
and 150 water supply sys- 
Ib. cyl. tems. 
Carboxide___| 30 and 60 | Fumigant____--_- 
Ib. cyl. 
Freon 12____- 10 and 50 | Refrigerating sys- 
lb. cyl. tems, 
Ethyl Chlo- | 50 lb. cyl--| For refrigerating 
ride. systems. 
Ethylene Ox- | 100 lb. cyl-| For insect control. 
ide. 
Methyl Chlo- | 6 and 30 | For refrigerating 
ride. lb. cyl. systems. 
Freon 22____- 50 lb. cyl__| For refrigerating 
svstems. 
Propane_... | 40 and 100 | For general braz- | 
lb. eyl. ing and heating. 
Sulfur Diox- | 100 and 150 | For refrigerating x 
ide. Ib. cyl. systems. | 
Freon 11____- Bulk___--- For refrigerating 
systems. 


FOUNDRY SAFETY 


Precautions 


Guard against leak- 
age. Isolate from 
other stores. Store 
cylinders on side 
in cool place. If 
cylinder has con- 
ventional base store 
upright. 

POISON. Store cyl- 
inders upright. 


General safe han- 
dling. 

General safe han- 
dling. 

Highly inflammable. 
Inflammable. 
Combustible. 
General safe han- 
dling. 
Inflammable. 


POISON. Corrosive. 


Store cylinders up- 
right. 

General safe han- 
dling. 


Daydreaming may be a pleasant way to while away idle 
moments, but there is no room for this pastime in the 
foundry. Here, you've got to keep your mind on your job. 
A moment of carelessness or neglect may mean injury to 


yourself and/or others. 
be your own. 


Be careful—the life you save may 
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In addition to keeping your mind on your job and know- 
ing what you're doing, study the items in the following list 
of safe practices and apply them to your daily work: 


1. 


° 


=r 


10. 
11. 
12. 


13. 
14. 


16. 


17. 


lifeguard. 


Wear goggles whenever you are tapping or pouring 
molten metal, or whenever you are chipping or grind- 
ing metal during a cleaning procedure. 


. Wear safety shoes at all times when working in the 


foundry. 


. Wear leggings when handling molten metal. | 
. Keep passageways clear at all times by promptly 


stowing tools and equipment not actually in use. 


. Always preheat ladles, skimmers, and churning rods 


before using. A ladle not preheated or a cold skimmer 
or churning rod will cause hot metal to “fly,” which 
may result in painful burns. 


. Be sure that mold weights are perfectly dry. 
. When tapping the furnace, tip the ladle slightly for- 


ward to avoid splashing metal. 


. Fill the ladle only three-quarters full to avoid spilling 


metal. 


. When carrying metal in a hand ladle, carry the ladle 


behind you (see figure 12-2). 

Never walk backwards when carrying molten metal. 
Never pour left-over metal on the foundry floor. 
Remember, if molten metal touches anything wet an 
explosion may occur. 

Avoid pouring left-over metal into a cold chill mold. 
Always write the word “Hot” on any object which 
might be touched by a fellow workman and cause him 
to be burned. Develop a respect for hot metal. 


. When closing a mold with a crane or hoist, rest both 


hands on top of the flask to keep it balanced. Keep 
your fingers away from the joint. 

Avoid standing on wet sand when handling a “live” 
electric wire. 

Depend on yourself and not the other fellow to be your 
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18. Report to the sick bay for first-aid treatment of ALL 
injuries, no matter how minor. “A stitch in time 
saves nine.” 





Figure 12—2.—Molder carrying molten metal. 
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19. Keep your eyes open for unsafe conditions. Eliminate 
all hazards to safety. Know what, where, when, and 
how you are going to do a job. 


Acids are not commonly used in the foundry. Neverthe- 
less, a word of caution about them is in order. When mixing 
acid and water, always pour the acid into the water. Never 
pour water into acid; the mixture will boil violently and may 
explode. Avoid splashing acids or their mixtures. If acid 
should splash on your body or in your eyes, wash thoroughly 
at once with cold water, and then report to sick bay 
immediately. 

Bear in mind that accidents, whether they involve acids, 
hot metal, chips, or falling objects, are not an “act of God.” 
They have an earthly cause, usually in the form of human 
failure—failure to follow the safe procedure for operating 
machinery or the rules of personal safety. Remember: An 
ounce of prevention is worth a pound of cure. And, per- 
sonal caution is your greatest safeguard. Take no chances; 
safety pays! Being careful is a part of your job. 


QUIZ 


1. To be a successful Molder, what must you do in addition to “learn- 
ing and knowing” the right way to do a job? 


2. What is the best safety device in the foundry? 
. How does the Navy help you do your job safely? 


. Why is it.a dangerous practice in a foundry to secure a wire hoist 
rope in a socket by pouring molten metal around it? 


. What do you need to know about a geared ladle? Why? 

How can you determine the contents of gas cylinders? 

Why must an acetylene cylinder always be in an upright position? 

. At 70° F., what is the bottle pressure of a filled 220-cubic-foot oxy- 
gen cylinder? 

9. How should acid and water be mixed? Why? 


m Cc 


DNDN 


10. Why do you have to keep your mind on your job in the foundry ? 
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10. 


11. 


APPENDIX ! 
ANSWERS TO QUIZZES 
CHAPTER 1 


YOU AND YOUR JOB 


` 


. The Manual of Qualifications for Advancement in Rating is an 


important source of information on rates and ratings. 


. Practical factors are indicated by the .100 quals. 
. The qualifications set forth the minimum qualifying skills for a 


given rate. 


. The General Training Course for Petty Officers 3 and 2, NavPers 


10603, is a source of information covering military requirements 
for petty officers. 


. The Department of Defense includes the Army, Navy, and Air 


Force. 


. CNO is a member of the Joint Chiefs of Staff. 
. The Bureau of Ships has cognizance over shipboard foundries. 


. The foundry is in the repair department. 
9, 


Repair ships provide general or specific repairs to all types of 
vessels. Tenders furnish facilities to a specific class of ship. 


The Watch, Quarter, and Station Bill tells you about your ship- 
board duty stations. 


Warrant Carpenter 7742 is the warrant rank to which Molders may 
advance. 


CHAPTER 2 


A MOLDER’S WORKING TOOLS 


. An ability to read blueprints is necessary so that the Molder can 


help the Patternmaker make decisions about pattern construction 
and parting line locations. 


. The ability to recognize and understand the different lines and 


views used by the Draftsman is most important. 


. Start with the title block and notes. 
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11. 
12. 


13. 


14. 


16. 


17. 


18. 


19. 


20. 


. Draft is the taper added to the pattern to facilitate removing the 


pattern from the sand. 


. Consider all factors and determine how the whole piece can be 


molded to produce a sound casting. 


. Shrinkage allowance is determined by the metal used. 
. In addition to shrinkage, draft and machining allowances are 


made. 


. When the surface to be machined is cast in the cope portion of 


the mold an extra machinery allowance is necessary. 


. Any tool marks left on the pattern will be transferred to the mold. 
10. 


The pattern will absorb moisture from the damp molding sand, 
causing it to swell and warp, unless it is properly shellacked. 
Various colors convey information to anyone using the pattern. 
Use of Tools, NavPers 10623, and Hand Tools, NavPers 10305, are 
sources of information on general hand tools. 

(1) Providing for the free entrance of metal to the mold cavity— 
gates; (2) providing adequate metal to compensate for casting 
shrinkage upon solidification—risers: and (3) providing for the 
escape of mold gases—vents, are basic in the construction of any 
mold. 

The number of meshes per inch of length determines the size of 
a foundry sieve. 


. If the entire mold is rammed with the rammer butt, the sand in 


the bottom of the mold is not packed as tightly as that at the 
top. 

A pneumatic rammer operates improperly when either the ram- 
mer’s piston lubricant has become gummy or the packing has be- 
come loose or worn. 

A zigzag or sawing motion produces the best results with a strike. 
The shape of the mold surface area that requires tooling deter- 
mines the finishing tool used. 

Gates are slicked solidly to prevent loose sand from being carried 
into the mold cavity with the molten metal. 

Pattern life is prolonged when lifting screws and rapping plates 
are used. 


CHAPTER 3 


SHOP EQUIPMENT 


. The basic types of foundry equipment are sand mixers, furnaces, 


core ovens, and cleaning devices. 


. Mulling is a smearing action in which each grain of sand is thor- 


oughly covered by the elements included in the sand mixture. 


. The results obtained with a moisture tester are dependable and 


accurate. 
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10. 
11. 
12. 
13. 


14. 
. The ladle lining prevents the molten metal from chilling and the 


16. 


17. 


18. 


19. 
20. 


. Shipboard stowage facilities are limited. 
. Snap flasks are always made in sets. 
. Be sure that the sand under the cupola is not wet when the 


bottom doors are dropped open. 


. The maximum temperature of an oil-fired furnace is not sufficiently 
-high to melt steel. 

. Long lip crucibles are used in oil-fired tilting-crucible furnaces. 

. A NEUTRAL atmosphere is one in which combustion is perfect. An 


OXIDIZING atmosphere is one in which there is an excess of air in 
the air-fuel mixture. A REDUCING atmosphere is one in which 
there is an excess of fuel in the air-fuel mixture, 

A slightly oxidizing flame has a greenish tinge around the outer 
edge. 

A slightly oxidizing flame prevents an excess of gas absorption by 
the molten metal. 

A crucible’s size number may be used to approximate its aluminum 
capacity. 

Crucibles should be preheated to 300° F. before being used in order 
to eliminate any moisture that may be present in the crucible walls. 
A crucible is cooled slowly to prevent cracking. 


ladle from overheating. 
Immersion and optical pyrometers are used to determine metal 
temperatures. 
Correct Operation of the instrument and an ability to match fila- 
ment intensity with that of the molten metal is necessary to obtain 
accurate results with an optical pyrometer. 
Metal-cutting band saws are used to remove gates, risers, and 
sprues from the casting. 

Silicosis may result from breathing sand-blasting dust. 

»efore you operate a grinder, check to make certain that wheels, 
guards, and eyeshields are tightly secured and in the proper posi- 
tion, and put on a pair of goggles. 


CHAPTER 4 


ELECTRIC FURNACES 


. Three types of furnaces used in the Navy are the indirect-arc, 


resistor, and coreless-induction furnaces. 


. The area of electrical contact may be reduced or the nipple may be 


broken if the electrode joint area is gripped in the electrode 
bracket clamp. 


. To produce a clear, Snappy are on an LFY furnace, adjust the 


reactance control. 
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10. 
11. 


12. 


13. 


14. 


15. 


. In the indirect-are furnace, electrode adjustments are necessary 


because part of the electrode burns away during the heating 
procedure. 


. Decrease the reactance when the arc is sluggish or smoky. 
. The variable rocking-control station controls furnace barrel 


motions. 


. Before you attempt to operate a furnace, learn all you can about 


the furnace; have someone show you how to operate it; and then 
simulate the procedure with a cold, empty furnace. 


. Successful furnace operation depends on the coordinated adjust- 


ment of all control stations, adequate preheating, proper charging, 
and lining maintenance. 


. Electrodes should be withdrawn to avoid electrode breakage dur- 


ing charging. 

Remove slag while the furnace is still hot. 

The design of the electrode brackets is the basic difference in the 
appearance of an NR-2 and an LFY electric furnace. 

On an NR-2 furnace the male resistor has a conical point while the 
female resistor has a conical depression. 

If you delay increasing the voltage for at least three minutes after 
lighting off the furnace, resistor life may be prolonged. 

While the coreless-induction furnace is operating, any electrical 
conductor (metal) has a current induced in it. The resistance of 
the material to the flow of the induced current generates heat, 
which in turn melts the metal. 

Pieces of material making up the charge for an induction furnace 
should weigh between % lb. and 2 lbs. The materials should be 
charged fairly compactly. 


CHAPTER 5 


THE PROPERTIES AND USE OF METALS 


. Metal symbols provide a sort of shorthand for all metalworkers. 


The specific gravity of a metal is determined by dividing the 
weight of a given volume of metal by the weight of an equal 
volume of water. 


. Ferrous metals contain iron; nonferrous metals include all others. 


Ferrosilicon is used as a deoxidizer and as an alloy addition in 
the manufacture of ferrous alloy castings. 


. Basically, pig iron contains 93 percent iron and 3 to 5 percent 


carbon. 


. Wrought iron is made by a process of puddling, squeezing, and 


rolling. 


. Ores bearing iron yield 50 percent metallic iron, while ores 


bearing copper contain only 5 percent copper. 
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10. 
11. 


14. 
15. 
16. 


17. 
18. 


10. 
11. 


12. 


13. 


14. 


. In the foundry, zine is used mostly as an element in brasses and 


bronzes. 


. In ferrous alloys, nickel increases strength without decreasing 


toughness. 

All antimony compounds as well as its fumes are poisonous. 
The availability of ingots of antifriction metal eliminates the 
need of mixing metals to make bearing alloys. 


. Monel has extra high corrosion-resisting properties. 
13. 


The percent of elements and the tests the alloy must meet are 
obtained from metal specifications. 

He must adapt the senses of sight and touch to the test method. 
Normal exterior appearance is the simplest way to identify metal. 
File testing is valuable when a hardness-testing machine is not 
available, and/or when testing the inside of holes and oddly 
shaped pieces. P 
Chips of cast iron are about 1⁄4 inch long and have rough edges. 
Carbon causes a greater intensity of bursting in the spark stream. 


CHAPTER 6 


MOLDING: MATERIALS 


. Quartz, feldspar, and clay are the basic elements in natural sands. 
. Texture refers to the manner in which the several elements of 


sand are united. 


. Grain fineness numbers are determined by a standard screen 


analysis. 


. The bond holds the sand together. 
. The temperature at which a sand will break down and burn onto 


a casting is called the sintering point. 


. Fine material fills the voids between larger grains. 
. A flowable sand rams up without voids on the face of the mold. 
. Strength of a molding sand usually refers to the sand’s ability to 


withstand compressive force without losing its shape. 


. The purpose of foundry sand control is to provide a molding ma- 


terial that will produce satisfactory castings. 

Two classes of foundry sand are natural bonded and synthetic. 

A synthetic, all-purpose sand provides the maximum flexibility 
with a minimum of materials. 

Bentonite is a kind of clay binder having finely divided particles 
which appear to dissolve when placed in a liquid but which 
actually remain intact and merely disperse throughout the liquid. 
Parting materials are made from ground and powdered soapstone 
or nutshells. 

To avoid the formation of pools of water, add water slowly with 
a sprinkling can. 
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16. 


17. 


18. 
19. 


11. 


12. 


13. 


. Natural bonded sand should not be rammed too tightly while all- 


purpose sand should be rammed as hard as possible. 


Sodium-benzoate is added to a mold wash mixture to prevent the 
mold wash from souring. 


Chaplets are metal devices placed in the mold cavity to support 
a core when other molding methods are inadequate. 


Internal chills become a part of the finished casting. 


Gaggers are used to reinforce projections of sand which, if un- 
supported would fall of their own weight. 


CHAPTER 7 


MAKING THE MOLD 


. When the surface characteristics of a dry sand mold and the col- 


lapsibility of a green sand mold are desired, a skin-dried mold is 
used. 


. The other basic elements of a mold are the pouring basin, sprue, 


runner, gate, riser, vents, and core. 


. Pouring basins direct and control the flow of molten metal into the 


sprue and prevent slag from entering the mold cavity. 


. A gate must permit the mold cavity to fill completely with molten 


metal and avoid damage to the mold’s interior. 


. Gates formed as a part of the pattern have better resistance to 


erosion than those cut with molding tools. 


. Risers are reservoirs of hot metal from which castings draw 


during solidification. 


. Riser size depends on the sectional size of the casting area being 


fed. 


. Metal in a blind riser stays hot longer. 
. Vents provide for the escape of mold gases. 
10. 


Molds may be classified by (1) the sand practice employed—green, 
dry, or skin-dried; (2) the size of the mold—bench, floor, or pit; 
(3) the design of the pattern—flat back, split straight parting, or 
irregular parting. 

Patterns are shellacked to prevent moisture from being absorbed 
from the molding sand. 


Wood gaggers may burn and form gases which may develop suff- 
cient pressure to blow the molten metal from the mold. 


Properly prepared sands do not require a water spray to aid in 
finish-tooling a mold. 
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10. 


11. 
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13. 


14. 


15. 


16. 
17. 


18. 


The coping out technique is used when the pattern has an irregular 
parting plane. 


Sweep molding is a technique used to construct certain classes of 
molds, wholly or in part, without a pattern. 


CHAPTER 8 


CORE MAKING 


Core disintegration after initial skin formation is important so 
that normal metal shrinkage can occur. 


. Refractoriness enables a core to withstand the heat of surround- 


ing molten metal. 


. Linseed oil imparts dry strength to a baked core. 

. Core filler is normally used to seal the cracks of core joints. 

. Rods and arbors are used to provide internal support in cores. 
. If the surface of a core plate is not straight, the core will distort 


during drying or baking. 


. The operating temperature range of Navy core ovens is from 


200° to 650° F. 


. An automatic cut-off switch and an explosion relief latch are 


built in modern core ovens. 


. Cores made in core boxes have smoother surface characteristics, 


greater dimensional accuracy, and better resistance to erosion 
than those made with sweeps. 


A mold has a cavity conforming to a desired shape. A core is a 
mass of sand having a more or less solid geometric shape. 
Kerosene is used to wipe out a core box when the box becomes 
sticky. 

When a core is baked, moisture is driven off and the core oil is 
oxidized and polymerized. 


During baking, a core’s temperature remains constant at 212° F. 
until all moisture is driven off. 


Filling the center of the core with backing sand, coke, or cinders 
helps to overcome the problem of an overbaked surface and an 
underbaked center. 


Conduct an experiment with sample cores having different sizes 
and baked at various temperatures. 


Core paste is used to assemble cores. 


During storage green sand cores increase too much in strength 
and baked sand cores decrease too much in strength. 


The use of dough in strategie parts of the mold is a good way to 
check the accuracy of core setting. 
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CHAPTER 9 


HOW METALS SOLIDIFY 


. As the temperature of molten metal is increased the freedom of 


atomic movement increases proportionately. Freedom of atomic 
movement is associated with a metal’s fluidity. 


. Upon solidification, a metal’s atoms arrange themselves into defi- 


nite geometric patterns called space lattices. 


. The three common space lattice formations are the body-centered 


cubic, the face-centered cubic, and the close-packed hexagonal. 


. Iron and carbon form an intermetallic compound (FesC). 
. Large grains result from high temperatures and slow cooling. 
. The term “allotropy” refers to the ability of a metal to change 


back and forth from one state to another. 


. Lead and aluminum are not soluble as liquids. They react to each 


other much like oil and water. 
An eutectic alloy is one whose composition, in terms of percentage 


` of elements present, is such that its melting point is the lowest 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


possible with that combination of elements. 


. A casting solidifies as a gradually thickening envelope or skin. 


The relationship between the volume of the casting, the mold sur- 
face area, the solidification range of the metal, and the pouring 
temperature determine the rate at which a metal solidifies. 

In progressive solidification, the first metal to solidify within a 
given casting section is at that point most distant from the riser. 
After a casting is poured, there is (1) a liquid contraction followed 
by (2) a solid contraction. The former is taken care of by risers, 
the latter by the Patternmaker’s shrink allowance. 

Metal lying next to the mold wall solidifies more rapidly than that 
near the center. 

Differences in grain structure can be controlled by rounding ex- 
ternal corners and filleting internal corners. 

Taper the casting’s sections so that areas most distant from the 
riser furnishing hot metal to the section will solidify first. 
Bosses and pads create hot spots which may lead to improper 
solidification. 

Controlled solidification may involve design, gating and risering, 
pouring temperature and pouring speed, padding, external and 
internal chills, and mold manipulation. . 
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CHAPTER 10 


CASTING PROCEDURE 


Depending on the circumstances, the amount of metal needed to 
pour a casting may be determined by: (1) weighing the defective 
part to be reproduced; (2) weighing the pattern and multiplying 
that weight by a suitable constant value; or (3) breaking down 
the casting into its component parts, determining the volume of 
those parts, and multiplying the total volume by the weight in 
pounds per cubic inch of the metal from which the casting is to be 
poured. With any of these methods, the weight of sprues, risers, 
and gates must be added to the calculated weight of the casting. 


. Melting loss is influenced by the melting unit, the melting practice, 


the tapping temperature, and the length of time the batch is held 
at the superheat temperature. 


. Scrap of different compositions should be carefully stowed in 


separate bins. 


. The use of lead-bearing bronze scrap affects the pressure tightness 


of silicon or manganese bronze castings. 


. Remelt materials are used in the production of ferrous casting 


alloys. 


. Foundry returns—gates, risers, and sprues—are charged into the 


furnace first. 


. When moisture, oil, or other foreign matter is present in the 


charge, the production of defective castings due to gas inclusions 
is likely. | 


. A flux of at least two ounces of fifteen percent phosphor-copper 


per 100 pounds of metal is used for bronze. 


. Aluminum is used as a final deoxidizer in steel melting. 
10. 


A ladle must be preheated before the furnace is tapped to remove 
any moisture that remains in the ladle lining. If this is not done, 
moisture may be pocketed under the molten metal and form water 
vapor so rapidly that metal may be blown from the ladle with 
explosive force, 

Ask questions until you Know who is going to do what, where, and 
When, particularly those instructions and procedures applicable to 
you. 


A ladle should not be filled to more than three-quarters full to 
avoid spilling metal while it is being carried from the furnace to 
the mold. 

The “pouring team” consists of the furnaceman, shankman, shovel- 
man, and skimmer. 
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The technique of mold manipulation is used in special cases to 
obtain favorable temperature conditions within the casting during 
solidification, and to keep mold erosion to a minimum during 
pouring. 

If molding sand is not removed from the casting before sand- 
blasting, the molding sand will become mixed with the blasting 
material and will reduce the efficiency of the sandblasting cabinet. 


CHAPTER 11 


HEAT TREATING 


. Steel castings are heat-treated to refine the grain structure and 


to relieve solidification stresses. 


. Heat treating involves the accurate control of heating and cooling 


a metal while it is in the solid state. 


. The atoms of a metal hesitate to change from one internal struc- 
ture to another. 


. Recalescence is the sudden release of heat from metal at a certain 


point in cooling caused by an internal transformation. The 
external effect is a sudden increase in brightness. 


. Hold time is necessary to permit complete transformation of 


internal structure. 


. Slow cooling in heat treatment generally produces softness. 
. To be effective, an oil quench must be kept within a temperature 


range of 140° F. to 160° F. 


. Annealing, normalizing, hardening, tempering, stress relieving, and 


case hardening are the common forms of heat treatment. 


. Decarburization describes the condition of an alloy that has had 


a portion of its carbon content burned out of its surface. 

Surface oxidation of a metal during heat treating is avoided by 
controlling the furnace atmosphere. 

The furnace temperature must not exceed 500° F. when a cast- 
ing is placed in the furnace for heat treatment. 

When annealing a steel casting, it is furnace-cooled to 500° F. 
after the proper hold time: in normalizing, the casting is removed 
from the furnace and cooled in still air after the proper hold time 
has been allowed. 

Annealing may cause softness and may reduce the strength of 
gray cast iron. 

Bronze and aluminum castings are heat-treated when dimensional 
stability is an in-service requirement. 


353 


N 


10. 


CHAPTER 12 


THE RIGHT WAY 


. The successful Molder applies what he learns to his daily work. 
. Personal caution is the best safety device in the foundry. 
. The Navy provides the Molder with shoes, leggings, goggles, and 


gloves for his personal safety. 


. The solidified metal around the rope may melt from the heat 


when the hoist is used to lift a ladle of molten'metal. 


. Depending on the gears, the wheel of a geared ladle may turn 


with the tilt or opposite to it. In the latter case, special alertness 
must be observed to prevent accidents. 


. Navy gas cylinders are painted a distinctive color and the name 


of the gas the cylinder contains is stenciled lengthwise on two 
Sides of the cylinder. 


. When an acetylene cylinder is lying on its side, acetone may be 


drawn off with the acetylene. 


. At 70° F., the bottle pressure of a full 220-cubic-foot oxygen 


cylinder is 1,800 p. s. i. 


. Always pour acid into water. Violent boiling and an explosion 


may result if the correct procedure is not followed. 


A moment of carelessness or neglect may mean injury to yourself 
and/or others. 
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APPENDIX Il 


QUALIFICATIONS FOR ADVANCEMENT IN RATING 


MOLDERS (ML) 


RATING CODE No. 570 


General Service Rating 


Molders operate foundries aboard ship and at shore stations. Make 
molds and cores, rig flasks, prepare heats, and pour castings of ferrous, 


nonferrous, and alloy metals. Shotblast or sandblast cooled castings 
and flasks. 


Emergency Service Ratings 
(Same as General Service Rating) 
Naval Job Classifications 


Group Code Numbers Group Titles 
41600-41699 Foundry Workers 


Qualifications for Advancement in Rating 





Applicable 
Qualifications for advancement in rating rates 
ML 

xxx .100 PRACTICAL FACTORS 
101 TOOLS 

Use all tools and equipment required by Molders, ob- 

serving the necessary safety precautions. Maintain | 

hand tools in good operating condition_______  3,2,1, C 
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.102 


.103 


.104 


.105 


.106 


.107 


.108 


.109 


.110 


Qualifications for Advancement in Rating—Continued 


Qualifications for advancement in rating 


BLUEPRINTS 

Read simple blueprints, drawings, and sketehes_____ 
Read and work from all blueprints used in molding- - 
SCRAPS AND TRIMMINGS 

Make over nonferrous scraps and trimmings for use 
in noncritical castings---------------------------- 
CASTINGS 

Apply adequate risers and gates to simple castings in 
the production of sound castings------------------- 
Use open and blind risers, internal and external chills, 
and all types of gates used in the production of clean, 
sound CAaStIN@S:. 2322 one ee eee cS 
MOLDINGS 

Make simple two-part molds requiring few cores____ 
Make difficult molds, including the use of compli- 
cated coring, drawbacks, deep lifts, checked molds, 
ONG sweeps- ie Set eer Ae 
Make all classes of molds, both dry and green sand. 
Make molds directly from castings, taking care of 
pattern shrinkage during the molding operation ____- 
FURNACES 

Operate furnaces aboard own ship or at station. Re- 
line furnaces and perform upkeep------------------ 
COREMAKING I 

Make cores and operate a core oven______ 
IDENTIFICATION 

Conduct simple tests for the recognition and identi- 
fication of metals and alloys_______ 
METAL TESTS 

Conduct standard hardness tests and operate stand- 
ard hardness testing equipment, if own ship or sta- 
tion is so equipped------------------------------- 
SUPERVISION 

Supervise and train personnel in foundry----------- 
Administer a large foundry installation_______. 


xxx.200 EXAMINATION SUBJECTS 


.201 


NOMENCLATURE 
Commonly used molding terms. Tools and equip- 
ment used in a foundry_______ 
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Applicable 
rates 





ML 


3, 2, 
2 


- 


= — 
Q O 


, 


3, 2, 1, C 


1, C 


, 


3, 2, 1, C 


1,C 


, 


3, 2, 1, C 


3, 2, 1, C 


1, C 


3, 2, 1, C 


.202 


.203 


.204 


-205 


.206 


.207 


.208 


.209 


.210 


.211 


.212 


Qualifications for Advancement in Rating—Continued 


Qualifications for advancement in rating 


CARE OF TOOLS AND EQUIPMENT 

Care and stowage of tools and equipment- --------- 
METALS 

Characteristics and uses of various metals aboard 
own ship or at station --------------------------- 
Identify metals, know their specific weights, and esti- 
mate the weights of simple shapes----------------- 
Identify stock materials by their standard markings- 
Casting tests and methods used------------------- 
FURNACES | 
Principles of operation of furnaces aboard own ship, 
including safety precautions---------------------- 
GASES 

Recognition of bottled gases by their standard mark- 
ings and the safety precautions required in their use- 
SANDS 

Types of sand mixes used for molding and coremak- | 
ing. Materials used in making up molding sand and | 
the essential characteristics of each material. ______- | 
COREMAKING 
Principles and techniques of coremaking----------- | 
THERMIT CASTINGS 

Principles, procedures, and practices for thermit 
CASUNGS I L coe ee te oe eek oe 
CUPOLA | 

Cupola practices, including the sequence of opera- 








FOUNDRY 

Foundry procedure and terms most commonly used. 
Manner in which casting solidifies, including the 
three types of contraction present in metal casting___ 
ESTIMATES 

Methods used to estimate time, labor, material, and 
kind of finish for a large casting job--------------- 
BILLS OF MATERIAL 

Methods of making out bills of material. Materials 
usually kept in stock for shop use____________ 
Reports submitted and records kept by the petty 
officer in charge of the foundry- _ _-- r EET 
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Applicable 


rates 
ML 





3,2,1,C 


2,1,C 
1,C 


3, 2,1, C 


1,C 
1, C 


2, 1, C 


1, C 


` 


Qualifications for Advancement in Rating—Continued 


.213 


.214 
215 
.216 


217 


.218 


.219 


.220 


.221 


Qualifications for advancement in rating 


HEAT TREATMENT 

Heat treating and related procedures, as applied to 

foundry Practices u L L ul Beal tet hee Sy ca 2 
PATTERNMAKING 

Principles and practices of patternmaking—_________-_ 
FINISHING 

Machining and finishing of castings_________ 
METAL TESTS 

Standard hardness tests and equipment used_ ___ _ `` 
SOLIDIFICATION OF METALS 

Solidification rate of metals, the amounts of liquid 

and solid contraction, and the theory and application 

of controlled directional solidification in producing 


"BOUNCY CHSUIN GS aa 520 ul octet te ei ane ee Pas 3 


WELDING 

Welding procedure as applied to foundry practices- 
Note: See metalsmith qualifications .400 for welding 
test instructions. 

SAFETY PRECAUTIONS 

Foundry safety precautionSs----------------------- 
Safety precautions to be observed in the making of 
cored @8RSUDD0RS Ou it en hat ete uD hi th 
PUBLICATIONS 

Use of handbooks and technical data___.__._.-.--- 
ORGANIZATION 

Organization of Molding Shop- ------------------- 





Applicable 
rates 


ML 





3, 2, 1, C 
1,C 
2, 1, C 


3, 2, 1, C 


3, 2, 1, C 


1, C 


3, 2, 1, C 
2, 1, C 
3, 2, 1, C 


3, 2, 1, C 


xxx.300 NORMAL PATH OF ADVANCEMENT TO WARRANT 


GRADE 


Molders advance to Warrant CARPENTER 7742 (Foundryman). 
In addition to the skills and knowledges acquired in their own rating, 
they are required to learn patternmaking practices and techniques. 
Carpenters 7742 act as Assistant Engineering or Repair Officers. 
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INDEX 


Air furnaces, 324—325 

Allotropy, 263 

Alloys, solidification of, 264—267 
Annealing, 319-320 

Arbors, 238 

Atmospheric control, 325-329 


Band saw, metal-cutting, 85 
Basins, pouring, 201-202 
Bentonite, 179-181 
Binders: 

bentonite, 179-181 

dextrine, 181 

rosin, 182 

starchy, 181 
Blasting cabinets, 86 
Blueprints, reading of, 18-22 
Blueprint to pattern, 22-30 


Calculating the charge, 279-291 
Casting alloy, selection of, 279 
Casting procedure: 
calculating the charge, 279-291 
gases in metals, 293-296 
melting the heat, 291-293 
mold manipulation, 303—305 
pouring the heat, 296-303 
selecting casting alloy, 279 
shaking out and cleaning, 305- 
308 
Casting, the safe way, 333-343 
Chaplets, 192-193 
Chills, 193-195 
Clothing, protective, 333 
Color code, 29 
Control stations: 
coreless-induction furnace, 130- 
131 


Control stations—Continued 
rocking electric-resistor furnace, 
117-122 
rocking indirect-arc 
97-110 
Core: 
baking, 247-250 
boxes, 242-243 _ 
characteristics of, 233—234 
definition of, 232 
filler, 237 
fills, 242 
finishing, 250-252 
ovens, 240 
plates, 240 - 
setting, 253—255 
shaping of, 244-247 
storage, 252 
Coreless-induction furnace, 125- 
126 
control stations, 130-131 
operation of, 131—134 
principle of operation, 126-131 
Core making, 232-255 
equipment, 240-244 
fundamental procedures, 244— 
252 
material, 234-240 
Crucibles, 72-76 
Crystallization, 260—262 
Cupola, 62-67 
Cylinders, 336-338 
acetylene, 337 
markings, 335-337 
oxygen, 338 


furnace, 


Decalescence, 312 
Decarburization, 321 
Design and solidification, 271-275 
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Electric furnaces: 
coreless-induction, 92, 125-131 
rocking electric-resister, 2, 

113-124 
rocking indirect-arc, 92, 93-113 
Engineering department, 10 
Eutectic, 265-267 


Facing materials, 182 
Facing nails, 192 
Ferrous metals, 141—146 
Flat-back patterns, 212-224 
Foundry sands, 176-179 
Furnaces: 

electric, 92-133 

oil-fired, 67-72 


Gaggers, 195-196 
Gas, bottled: 
acetylene, 337 
identification markings, 
337 
oxygen, 338 
safe and proper use of, 335-338 
Gases: 
common, 338-340 
in metals, 203-296 
Gates, 202-207 
bottom, 203 
parting, 203 
step, 204 
top, 204 
whirl, 204-205 
Gating system, 205-207, 303-305 
Gunnery (or deck) department, 10 


335- 


Hardening and tempering, 321-324 
Heat treating, 310-318 

effect of, 313-315 

equipment, 324-325 

forms of, 318-324 

principles of, 311-318 

reasons for, 310-311 
Heat-treating castings, 329-331 
Heat-treating equipment: 

air furnaces, electrically heated, 

324-325 


Heat treatment methods: 
annealing, 319-320 
hardening and tempering, 321- 

324 
normalizing, 320-321 
stress-relief annealing, 324 

Heat treatment principles: 
cooling, 315-316 
effect of heating, 313-315 
holding or soaking, 315 
quenching, 316-318 
temperatures, 311-313 


Internal structure of metals, 257- 
258 
Iron: 
general-purpose, 290 
high tensile, 291 
medium tensile, 290-291 
Irregular parting-plane pattern, 
224-227 


Ladles, 76-78 
preheating operation, 297-298 
Lifting devices, 89 


Medical department, 11 
Melting equipment, 61-78 
crucibles, 72-76 
cupola, 62-67 
ladles, 76-78 
oil-fired furnaces, 67-72 
Melting loss, 282-284 | 
Melting the heat, 291, 293 
Metallurgy, 256—257 
Metals: 
characteristics of, 136-138 
classes of, 140-141 
identification and testing, 154 
melting points, 138 
properties, 138-140 
specifications, 152-153 
specific gravity, 136-138 
symbols, 1385-136 
Metals, solidification of, 256-277 
crystallization, 260—262 
internal structures of, 257-258 
phase changes, 262-264 
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Metal testing: 

chip test, 159-160 

hardness testing, 154—159 

spark test, 160-165 
Moisture tester, 54—57 
Molders: 

and solidification, 267—277 

background, 1-2 

opportunities, 15—16 

rates and qualifications, 2-5 
Molding containers, 57—61 

clamps, 60 

snap flasks, 59-60 
Molding materials, 166—196 
Molding procedures, 211-230 

flat-back pattern, 212-224 

irregular parting-plane 

terns, 224—227 
split straight-parted patterns, 
212—224 

sweep molding, 228-230 
Molding tools, special: 

beads, 39 

bellows, 43 

bulb sponge 42 

counter brush, 44 

flat slicks, 39 

flax swab or bosh, 43 

floor rammer, 33 

foundry sieve, 32 

gate cutter, 40—42 

lifters, 38-39 

lifting screws, 45 

oval-shaped spoons, 39 

pipe slicks, 39-40 

pneumatic rammers, 34-38 

rapping plates, 45 

shovel, 31 

spray can, 43 

vent rods, 42 
Mold manipulation, 303-305 
Molds: 

elements of, 199-200 

making, 197-230 

types of, 197-199 


pat- 
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Mold washes, 190-191 
Mulling, 51-54 


Natural bonded sand, 176-179 
Naval organization, 7—9 

Navy department, 7 

operating forces, 8 

shore establishment, 7 
Navigation department, 10 
Nonferrous metals, 146-151 
Normalizing, 320-321 


Organization for National Se- 
curity, 5-7 


Parting materials, 183 
Patterns: 

draft, 24 

making allowances, 25-27 

parting line, 24 

shaping and finishing, 27-30 
Pedestal grinders, 86-88 
Permeability, 172-173 
Phase changes, 262-264 
Pneumatic chipping guns, 88-89 
Polymorphism, 263 
Pouring basins, 201—202 
Pouring the heat, 296-303 
Pyrometers: 

immersion, 78 

optical, 80 


Quenching, 316-318 


Rates and qualifications, 2-5 
Recalescence, 312—313 
Remelt materials, use of, 287—290 
Repair activities, 11-15 
organization, 13 
Risers, 207—211 
blind, 209-211 
open, 209-211 
size, calculating of, 208 
Rocking electric-resistor furnace, 
NR-2, 113-117 
control stations, 117-122 
operation of, 122-124 


Rocking indirect-are electric fur- 
nace, 93-97 
control stations, 97—110 
operation of, 110-113 
types of, 93 
Rockwell hardness test, 157—159 
Rods, 238 l 


Safety in the foundry, 340-343 
Safety precautions, 89-91 
Sand: 
natural bonded, 176—179 
origin of, 166-167 
preparing for use, 183-184 
special facing, 188-190 
synthetic, 176-179 
Sand-handling equipment 
gyratory riddle, 54 
moisture tester, 54-57 
molding containers, 57-61 
sand mixers, 51-54 
snap flasks, 59-60 
Sand mixers, 51-54 
gyratory riddle, 54 
mulling, 51-54 
Sand terminology, 167—176 
bond; 170-171 
flowability, 173-174 
grain class, 168-170 
grain fineness, 168 
moisture content, 174, 176 
permeability, 172-173 
refractoriness, 171 
sintering point, 171-172 
strength, green, dry, 175-176 
texture, 168 
Scaling, 313 
Scrap, proportion of, 284-285 
Shaking out and cleaning casting, 
305-308 
Ship: 
engineering department, 10 
gunnery (or deck) department, 
10 


Ship—Continued 
medical department, 11 
navigation department, 10 
supply department, 11 
Shipboard foundries, 48-51 
classifications, 49-51 
Sintering point, 171-172 
Solidification: 
alloy, 264-267 
and design, 271—275 
and the Molder, 267—277 
control of, 276—277 
metal, 256-277 
Space lattice patterns, 258-260 
body centered, 258 
close-packed, 259 
face centered, 258 


_ Specifications, 152-153 


Split straight-parted patterns, 
212-224 


Stress-relief annealing, 324 
Supply department, 11 
Sweep molding, 228-230 


Synthetic sand, 176-179 
mixing, 184-188 


Temperature-measurement instru- 
ments, 78-85 
immersion pyrometers, 78 
optical pyrometers, 80 
Temperatures: 
critical or transformation, 31], 
313 
Tools: 
basic, 30-31 
molding, special, 31—46 
working, 18-47 
Transformation points, 312 


Vents, 211 


Working tools, 18-47 
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